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1
METHODS AND COMPOSITIONS FOR THE
TREATMENT OF CANCER

This application is the U.S. National Phase of Application
No. PCT/US2012/056386 entitled “METHODS AND
COMPOSITIONS FOR THE TREATMENT OF CANCER”
filed Sep. 20, 2012 and published in English on Jul. 11, 2013
as W02013/103401 which claims the benefit of U.S. Pro-
visional Application No. 61/584,049 entitled “METHODS
AND COMPOSITIONS FOR THE TREATMENT OF
CANCER?” filed on Jan. 6, 2012, the contents of which is
incorporated by reference in its entirety. This application
contains some subject matter related to the subject matter in
PCT Application No. PCT/US2011/029093 entitled
“METHODS AND COMPOSITIONS FOR THE TREAT-
MENT OF CANCER?” filed on Mar. 18, 2011, and U.S.
Provisional Application No. 61/315,615 entitled “METH-
ODS AND COMPOSITIONS FOR THE TREATMENT OF
CANCER?” filed Mar. 19, 2010, the contents of which are
incorporated by reference in their entireties.

REFERENCE TO SEQUENCE LISTING

The present application is being filed along with a
Sequence Listing in electronic format. The Sequence Listing
is provided as a file entitled USAO12WOSEQLIST.TXT,
created Sep. 19, 2012, which is approximately 39 KB in size.
The information in the electronic format of the Sequence
Listing is incorporated herein by reference in its entirety.

FIELD OF THE INVENTION

Some embodiments of the present invention relate to
methods and compositions for treating cancer. More
embodiments include methods and compositions for modu-
lating the activity of the Hedgehog pathway.

BACKGROUND

Members of the hedgehog family of signaling molecules
mediate many important short- and long-range patterning
processes during invertebrate and vertebrate embryonic,
fetal, and adult development. In Drosophila melanogaster, a
single hedgehog gene regulates segmental and imaginal disc
patterning. In contrast, in vertebrates, a hedgehog gene
family (e.g., in mammals, SHH, DHH, IHH) is involved in
the control of proliferation, differentiation, migration, and
survival of cells and tissues derived from all three germ
layers, including, e.g., left-right asymmetry, CNS develop-
ment, somites and limb patterning, chondrogenesis, skeleto-
genesis and spermatogenesis.

Hedgehog signaling occurs through the Hedgehog path-
way which includes interactions between hedgehog ligand
with the hedgehog receptor, Patched (Ptch), and the co-
receptor Smoothened (Smo). There are two mammalian
homologs of Ptch, Ptch-1 and Ptch-2 (“collectively “Ptch”),
both of which are 12 transmembrane proteins containing a
sterol sensing domain (Motoyama et al., Nature Genetics 18:
104-106 (1998), Carpenter et al., PN.A.S. (U.S.A.) 95:
13630-40 (1998)). The interaction of Hedgehog with Ptch
triggers a signaling cascade that results in the regulation of
transcription by zinc-finger transcriptions factors of the Gli
family.

Malignant tumors (cancers) are the second leading cause
of death in the United States, after heart disease (Boring et
al.,, CA Cancel J. Clin. 43:7 (1993)). Cancer features can
include an the increase in the number of neoplastic cells
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which proliferate to form a tumor mass; invasion of adjacent
tissues by these neoplastic tumor cells; and generation of
malignant cells which eventually spread via the blood or
lymphatic system to regional lymph nodes and to distant
sites. Cancer manifests itself in a wide variety of forms,
characterized by different degrees of invasiveness and
aggressiveness.

Reactivation of the Hedgehog pathway has been impli-
cated in a wide variety of cancers and carcinogenesis. The
earliest examples of Hedgehog signaling in cancers came
from the discovery that Gorlin’s syndrome, in which
patients frequently suffer basal cell carcinomas and are also
predisposed to medulloblastomas and rhabdomysocarco-
mas, is due to an inactivating mutation in Ptch, resulting in
Hedgehog pathway activation (Hahn et al 1998 Cell 85:841;
Johnson et al. 1996, Science 272:1668). Subsequently inac-
tivating mutations in Ptch and/or activating mutations in
Smo were found to be responsible for sporadic basal cell
carcinomas (Xie et al. 1998, Nature 391: 90).

Hedgehog pathway proteins and genes have also been
implicated in esophageal cancer (Ma, X., et al. Int J Cancer,
118: 139-148, 2006; Berman, D. et al. Nature, 425: 846-851,
2003) and are highly expressed in the majority of chemo-
therapy-resistant esophageal cancer specimens (Sims-Mour-
tada, J. et al. Clin Cancer Res, 12: 6565-6572, 2006). More
cancers where the Hedgehog pathway are involved include
biliary tract cancers (Berman, D. et al. Nature, 425: 846-851,
2003), melanoma (Stecca, B., et al. Proc Natl Acad Sci USA,
104: 5895-5900, 2007), and stomach cancer (Berman, D. et
al. Nature, 425: 846-851, 2003; Ma, X., et al. Carcinogen-
esis, 26: 1698-1705, 2005). Tumors that contain highly
proliferative “tumor stem cells” and which represent areas of
therapy include glial cell cancers (Clement, V., et al. Curr
Biol, 17: 165-172, 2007), prostate cancers (Li, C., Heidt, et
al. Cancer Res, 67: 1030-1037, 2007), breast cancers (Liu,
S., et al. Cancer Res, 66: 6063-6071, 2006), multiple myelo-
mas (Peacock, C. D., et al. PNAS, 104: 4048-4053, 2007),
and colon cancers (Ricci-Vitiani, L., et al. Nature, 445:
111-115, 2007).

In addition, the Hedgehog pathway plays a role in regu-
lating cancer stem cells, which are discrete tumor cell
populations that display highly enhanced survival, self-
renewal, and tumorigenicity properties (Beachy, P. A., et al.
Nature, 432: 324-331, 2004). Activation of the Hedgehog
pathway has been shown to play a role in cancer stem cells
of the breast (Liu, S., et al. Cancer Res, 66: 6063-6071,
2006), central nervous system (Clement, V., Curr Biol, 17:
165-172, 2007) as well as in hematological malignancies
(Peacock, C. D., PNAS, 104: 4048-4053, 2007).

Modulators of the Hedgehog pathway are described
herein.

SUMMARY

Some embodiments of the methods and compositions
provided herein include a method of inhibiting an increase
in expression of a DNA repair gene in a cell contacted with
a platinum-based chemotherapeutic compound comprising
reducing the level of a nucleic acid encoding GLI1 or
reducing the level of GLI1 protein in the cell.

In some embodiments, the level of a nucleic acid encod-
ing GLI1 or the level of GLIl protein is reduced by
contacting the cell with an isolated nucleic acid. In some
embodiments, the isolated nucleic acid is selected from a
small hairpin RNA (shRNA), a small interfering RNA
(siRNA), a micro RNA (miRNA), an antisense polynucle-
otide, and a ribozyme.
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In some embodiments, the isolated nucleic acid comprises
a sequence encoding antisense GLI1 or a fragment thereof,
or an antisense nucleic acid complementary to a sequence
encoding GLI1 or a fragment thereof.

In some embodiments, the isolated nucleic acid comprises
a sequence selected from SEQ ID NOS:01-10. In some
embodiments, the isolated nucleic acid comprises SEQ ID
NO:01.

In some embodiments, the nucleic acid encoding GLI1
comprises a nucleic acid encoding GLI1-130, or the GLI1
protein comprises GLI1-130 isoform.

In some embodiments, the DNA repair gene is selected
from the group consisting of a base excision repair gene, and
a nucleotide base excision repair gene. In some embodi-
ments, the base excision repair gene is XRCC1. In some
embodiments, the nucleotide excision repair gene is selected
from the group consisting of ERCC1, and XPD.

In some embodiments, the cell’s resistance to the plati-
num-based chemotherapeutic compound is decreased com-
pared to a cell in which the level of a nucleic acid encoding
GLI1 has not been reduced or in which the level of GLI1
protein has not been reduced.

In some embodiments, the cell’s resistance to the plati-
num-based chemotherapeutic compound is decreased at
least about 6-fold.

In some embodiments, the level of phosphorylated c-jun
(Ser 63) protein in the cell in which the level of a nucleic
acid encoding GLI1 has been reduced or in which the level
of GLI1 protein has been reduced is reduced compared to a
cell in which the level of a nucleic acid encoding GLI1 has
not been reduced or the level of GLI1 protein has not been
reduced.

In some embodiments, the level of phosphorylated c-jun
(Thr 91) protein in the cell in which the level of a nucleic
acid encoding GLI1 has been reduced or in which the level
of GLI1 protein has been reduced is increased compared to
a cell in which the level of a nucleic acid encoding GLI1 has
not been reduced or the level of GLI1 protein has not been
reduced.

Some embodiments of the methods and compositions
provided herein include a method of reducing the level of
repair of platinum-DNA adducts in a cell contacted with a
platinum-based chemotherapeutic compound comprising
reducing the level of a nucleic acid encoding GLI1 or
reducing the level of GLI1 protein in the cell.

In some embodiments, the level of a nucleic acid encod-
ing GLI1 or the level of GLI1 protein is reduced by
contacting the cell with an isolated nucleic acid. In some
embodiments, the isolated nucleic acid is selected from a
small hairpin RNA (shRNA), a small interfering RNA
(siRNA), a micro RNA (miRNA), an antisense polynucle-
otide, and a ribozyme.

In some embodiments, the isolated nucleic acid comprises
a sequence encoding antisense GLI1 or a fragment thereof,
or an antisense nucleic acid complementary to a sequence
encoding GLI1 or a fragment thereof.

In some embodiments, the isolated nucleic acid comprises
a sequence selected from SEQ ID NOS:01-10. In some
embodiments, the isolated nucleic acid comprises SEQ ID
NO:01.

In some embodiments, the nucleic acid encoding GLI1
comprises a nucleic acid encoding GLI1-130, or the GLI1
protein comprises GLI1-130 isoform.

In some embodiments, the reduction in the level of repair
of platinum-DNA adducts in the cell having a reduced level
of'a nucleic acid encoding GLI1 or a reduced level of GLI1
protein compared to the level of repair of platinum-DNA

25

35

40

45

50

55

60

4

adducts in a cell contacted with a platinum-based chemo-
therapeutic compound and in which the level of a nucleic
acid encoding GLI1 has not been reduced or in which the
level of GLII protein has not been reduced is greater than
about 60%. In some embodiments, the reduction in the level
of repair of platinum-DNA adducts in the cell having a
reduced level of a nucleic acid encoding GLI1 or a reduced
level of GLII1 protein compared to the level of repair of
platinum-DNA adducts in a cell contacted with a platinum-
based chemotherapeutic compound and in which the level of
a nucleic acid encoding GLI1 has not been reduced or in
which the level of GLI1 protein has not been reduced is
greater than about 40%. In some embodiments, the reduction
in the level of repair of platinum-DNA adducts in the cell
having a reduced level of a nucleic acid encoding GLI1 or
a reduced level of GLII protein compared to the level of
repair of platinum-DNA adducts in a cell contacted with a
platinum-based chemotherapeutic compound and in which
the level of a nucleic acid encoding GLI1 has not been
reduced or in which the level of GLI1 protein has not been
reduced is greater than about 20%.

In some embodiments, the cell’s resistance to the plati-
num-based chemotherapeutic compound is decreased com-
pared to a cell in which the level of a nucleic acid encoding
GLI1 has not been reduced or in which the level of GLI1
protein has not been reduced.

In some embodiments, the cell’s resistance to the plati-
num-based chemotherapeutic compound is decreased at
least about 6-fold.

In some embodiments, the level of phosphorylated c-jun
(Ser 63) protein in the cell in which the level of a nucleic
acid encoding GLI1 has been reduced or in the level of GLI1
protein has been reduced is reduced compared to a cell in
which the level of a nucleic acid encoding GLI1 has not been
reduced or in which the level of GLI1 protein has not been
reduced.

In some embodiments, the level of phosphorylated c-jun
(Thr 91) protein in the cell in which the level of a nucleic
acid encoding GLI1 has been reduced or in the level of GLI1
protein has been reduced is increased compared to a cell in
which the level of a nucleic acid encoding GLI1 has not been
reduced or in which the level of GLI1 protein has not been
reduced.

Some embodiments of the methods and compositions
provided herein include a method of increasing the level of
a platinum-based chemotherapeutic compound in a cell
comprising reducing the level of a nucleic acid encoding
GLI1 or reducing the level of GLI1 protein in the cell.

In some embodiments, the level of a nucleic acid encod-
ing GLI1 or the level of GLIl protein is reduced by
contacting the cell with an isolated nucleic acid. In some
embodiments, the isolated nucleic acid is selected from a
small hairpin RNA (shRNA), a small interfering RNA
(siRNA), a micro RNA (miRNA), an antisense polynucle-
otide, and a ribozyme.

In some embodiments, the isolated nucleic acid comprises
a sequence encoding antisense GLI1 or a fragment thereof,
or an antisense nucleic acid complementary to a sequence
encoding GLI1 or a fragment thereof.

In some embodiments, the isolated nucleic acid comprises
a sequence selected from SEQ ID NOS:01-10. In some
embodiments, the isolated nucleic acid comprises SEQ ID
NO:01.

In some embodiments, the nucleic acid encoding GLI1
comprises a nucleic acid encoding GLI1-130, or the GLI1
protein comprises GLI1-130 isoform.
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In some embodiments, the level of the platinum-based
chemotherapeutic compound in the cell in which the level of
a nucleic acid encoding GLI1 has been reduced or in which
the level of GLI1 protein has been reduced is increased
compared to the level of the platinum-based chemothera-
peutic compound in a cell in which the level of a nucleic acid
encoding GLI1 has not been reduced or in which the level
of GLI1 protein has not been reduced.

In some embodiments, the level of the platinum-based
chemotherapeutic compound in the cell in which the level of
a nucleic acid encoding GLI1 has been reduced or in which
the level of GLI1 protein has been reduced compared to the
level of the platinum-based chemotherapeutic compound in
a cell in which the level of a nucleic acid encoding GLI1 has
not been reduced or in which the level of GLI1 protein has
not been reduced is increased by at least about 40%. In some
embodiments, the level of the platinum-based chemothera-
peutic compound in the cell in which the level of a nucleic
acid encoding GLI1 has been reduced or in which the level
of GLI1 protein has been reduced compared to the level of
the platinum-based chemotherapeutic compound in a cell in
which the level of a nucleic acid encoding GLI1 has not been
reduced or in which the level of GLI1 protein has not been
reduced is increased by at least about 20%. In some embodi-
ments, the level of the platinum-based chemotherapeutic
compound in the cell in which the level of a nucleic acid
encoding GLI1 has been reduced or in which the level of
GLI1 protein has been reduced compared to the level of the
platinum-based chemotherapeutic compound in a cell in
which the level of a nucleic acid encoding GLI1 has not been
reduced or in which the level of GLI1 protein has not been
reduced is increased by at least about 10%.

In some embodiments, the efflux of the platinum-based
chemotherapeutic compound into the cell is inhibited.

Some embodiments of the methods and compositions
provided herein include a method of inhibiting the influx of
a platinum-based chemotherapeutic compound in a cell
comprising reducing the level of a nucleic acid encoding
GLI1 or reducing the level of GLI1 protein in the cell.

In some embodiments, the level of a nucleic acid encod-
ing GLI1 or the level of GLI1 protein is reduced by
contacting the cell with an isolated nucleic acid. In some
embodiments, the isolated nucleic acid is selected from a
small hairpin RNA (shRNA), a small interfering RNA
(siRNA), a micro RNA (miRNA), an antisense polynucle-
otide, and a ribozyme.

In some embodiments, the isolated nucleic acid comprises
a sequence encoding antisense GLI1 or a fragment thereof,
or an antisense nucleic acid complementary to a sequence
encoding GLI1 or a fragment thereof.

In some embodiments, the isolated nucleic acid comprises
a sequence selected from SEQ ID NOS:01-10. In some
embodiments, the isolated nucleic acid comprises SEQ ID
NO:01.

In some embodiments, the nucleic acid encoding GLI1
comprises a nucleic acid encoding GLI1-130, or the GLI1
protein comprises GLI1-130 isoform.

Some embodiments of the methods and compositions
provided herein include a method of inhibiting the efflux of
a platinum-based chemotherapeutic compound in a cell
comprising reducing the level of a nucleic acid encoding
GLI1 or reducing the level of GLI1 protein in the cell.

In some embodiments, the level of a nucleic acid encod-
ing GLI1 or the level of GLI1 protein is reduced by
contacting the cell with an isolated nucleic acid. In some
embodiments, the isolated nucleic acid is selected from a

10

15

20

25

30

35

40

45

50

55

60

65

6

small hairpin RNA (shRNA), a small interfering RNA
(siRNA), a micro RNA (miRNA), an antisense polynucle-
otide, and a ribozyme.

In some embodiments, the isolated nucleic acid comprises
a sequence encoding antisense GLI1 or a fragment thereof,
or an antisense nucleic acid complementary to a sequence
encoding GLI1 or a fragment thereof.

In some embodiments, the isolated nucleic acid comprises
a sequence selected from SEQ ID NOS:01-10. In some
embodiments, the isolated nucleic acid comprises SEQ ID
NO:01.

In some embodiments, the level of the platinum-based
chemotherapeutic compound in the cell in which the level of
a nucleic acid encoding GLI1 has been reduced or the level
of GLI1 protein has been reduced is increased compared to
the level of the platinum-based chemotherapeutic compound
in a cell in which the level of a nucleic acid encoding GLI1
has not been reduced or the level of GLI1 protein has not
been reduced.

In some embodiments, the level of the platinum-based
chemotherapeutic compound in the cell in which the level of
a nucleic acid encoding GLI1 has been reduced or in which
the level of GLI1 protein has been reduced compared to the
level of the platinum-based chemotherapeutic compound in
a cell in which the level of a nucleic acid encoding GLI1 has
not been reduced or the level of GLI1 protein has not been
reduced is increased by at least about 40%. In some embodi-
ments, the level of the platinum-based chemotherapeutic
compound in the cell in which the level of a nucleic acid
encoding GLII1 has been reduced or in which the level of
GLI1 protein has been reduced compared to the level of the
platinum-based chemotherapeutic compound in a cell in
which the level of a nucleic acid encoding GLI1 has not been
reduced or the level of GLI1 protein has not been reduced is
increased by at least about 20%. In some embodiments, the
level of the platinum-based chemotherapeutic compound in
the cell in which the level of a nucleic acid encoding GLI1
has been reduced or in which the level of GLI1 protein has
been reduced compared to the level of the platinum-based
chemotherapeutic compound in a cell in which the level of
a nucleic acid encoding GLI1 has not been reduced or the
level of GLI1 protein has not been reduced is increased by
at least about 10%.

In some embodiments, the nucleic acid encoding GLI1
comprises a nucleic acid encoding GLI1-130, or the GLI1
protein comprises GLI1-130 isoform.

In some embodiments, the platinum-based chemothera-
peutic compound is selected from the group consisting of
cisplatin, carboplatin, nedaplatin, oxaliplatin, satraplatin,
and triplatin tetranitrate.

Some embodiments of the methods and compositions
provided herein include a method of inhibiting expression of
a gene which is activated by c-jun in a cell comprising
reducing the level of a nucleic acid encoding GLI1 or
reducing the level of GLI1 protein in the cell.

In some embodiments, the level of a nucleic acid encod-
ing GLI1 or the level of GLIl protein is reduced by
contacting the cell with an isolated nucleic acid. In some
embodiments, the isolated nucleic acid is selected from a
small hairpin RNA (shRNA), a small interfering RNA
(siRNA), a micro RNA (miRNA), an antisense polynucle-
otide, and a ribozyme.

In some embodiments, the isolated nucleic acid comprises
a sequence encoding antisense GLI1 or a fragment thereof,
or an antisense nucleic acid complementary to a sequence
encoding GLI1 or a fragment thereof.
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In some embodiments, the isolated nucleic acid comprises
a sequence selected from SEQ ID NOS:01-10. In some
embodiments, the isolated nucleic acid comprises SEQ ID
NO:01.

In some embodiments, the nucleic acid encoding GLI1
comprises a nucleic acid encoding GLI1-130, or the GLI1
protein comprises GLI1-130 isoform.

In some embodiments, the level of phosphorylated c-jun
(Ser 63) protein in the cell in which the level of a nucleic
acid encoding GLI1 has been reduced or in which the level
of GLI1 protein has been reduced is reduced compared to a
cell n which the level of a nucleic acid encoding GLI1 has
not been reduced or in which the level of GLI1 protein has
not been reduced.

In some embodiments, the level of phosphorylated c-jun
(Thr 91) protein in the cell in which the level of a nucleic
acid encoding GLI1 has been reduced or in which the level
of GLI1 protein has been reduced is increased compared to
a cell n which the level of a nucleic acid encoding GLI1 has
not been reduced or in which the level of GLI1 protein has
not been reduced.

Some embodiments of the methods and compositions
provided herein include a method of inhibiting expression of
a gene which is activated by c-fos in a cell comprising
reducing the level of a nucleic acid encoding GLI1 or
reducing the level of GLI1 protein in the cell.

In some embodiments, the level of a nucleic acid encod-
ing GLI1 or the level of GLI1 protein is reduced by
contacting the cell with an isolated nucleic acid. In some
embodiments, the isolated nucleic acid is selected from a
small hairpin RNA (shRNA), a small interfering RNA
(siRNA), a micro RNA (miRNA), an antisense polynucle-
otide, and a ribozyme.

In some embodiments, the isolated nucleic acid comprises
a sequence encoding antisense GLI1 or a fragment thereof,
or an antisense nucleic acid complementary to a sequence
encoding GLI1 or a fragment thereof.

In some embodiments, the isolated nucleic acid comprises
a sequence selected from SEQ ID NOS:01-10. In some
embodiments, the isolated nucleic acid comprises SEQ ID
NO:01.

In some embodiments, the nucleic acid encoding GLI1
comprises a nucleic acid encoding GLI1-130, or the GLI1
protein comprises GLI1-130 isoform.

In some embodiments, the level of c-fos protein in the cell
in which the level of a nucleic acid encoding GLI1 has been
reduced or in which the level of GLI1 protein has been
reduced is reduced compared to a cell in which the level of
a nucleic acid encoding GLI1 has not been reduced or the
level of GLI1 protein has not been reduced.

In some embodiments, the level of c-fos protein in the cell
in which the level of a nucleic acid encoding GLI1 has been
reduced or in which the level of GLI1 protein has been
reduced is increased compared to a cell in which the level of
a nucleic acid encoding GLI1 has not been reduced or in
which the level of GLI1 protein has not been reduced.

Some embodiments of the methods and compositions
provided herein include a method of inhibiting transcription
of a gene selected from the group consisting of CTR1,
CTR2, ATP7A, ATP7B, OCT1, OCT2 and OCT3, compris-
ing reducing the level of a nucleic acid encoding GLI1 or
reducing the level of GLI1 protein in the cell.

In some embodiments, the level of a nucleic acid encod-
ing GLI1 or the level of GLI1 protein is reduced by
contacting the cell with an isolated nucleic acid. In some
embodiments, the isolated nucleic acid is selected from a
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small hairpin RNA (shRNA), a small interfering RNA
(siRNA), a micro RNA (miRNA), an antisense polynucle-
otide, and a ribozyme.

In some embodiments, the isolated nucleic acid comprises
a sequence encoding antisense GLI1 or a fragment thereof,
or an antisense nucleic acid complementary to a sequence
encoding GLI1 or a fragment thereof.

In some embodiments, the isolated nucleic acid comprises
a sequence selected from SEQ ID NOS:01-10. In some
embodiments, the isolated nucleic acid comprises SEQ ID
NO:01.

In some embodiments, the nucleic acid encoding GLI1
comprises a nucleic acid encoding GLI1-130, or the GLI1
protein comprises GLI1-130 isoform.

Some embodiments of the methods and compositions
provided herein include a method of inhibiting transcription
of a gene selected from the group consisting of CTR1,
ATP7B, OCT1, OCT2 and OCT3, comprising reducing the
binding of the AP-1 protein to AP-1 binding sites in the
promoter of said gene.

In some embodiments, the binding of AP-1 is inhibited by
reducing the level of a nucleic acid encoding GLI1, a nucleic
acid encoding c-fos, a nucleic acid encoding c-jun, or
reducing the level of GLI1 protein, c-fos protein, or c-jun
protein in the cell.

In some embodiments, the level of a nucleic acid encod-
ing GLI1, a nucleic acid encoding c-fos, a nucleic acid
encoding c-jun, or reducing the level of GLI1 protein, c-fos
protein, or c-jun protein is reduced by contacting the cell
with an isolated nucleic acid. In some embodiments, the
isolated nucleic acid is selected from a small hairpin RNA
(shRNA), a small interfering RNA (siRNA), a micro RNA
(miRNA), an antisense polynucleotide, and a ribozyme.

In some embodiments, the binding of AP-1 is inhibited by
reducing the level of a nucleic acid encoding GLI1 or
reducing the level of GLI1 protein, wherein the isolated
nucleic acid comprises a sequence encoding antisense GLI1
or a fragment thereof, or an antisense nucleic acid comple-
mentary to a sequence encoding GLI1 or a fragment thereof.

In some embodiments, the isolated nucleic acid comprises
a sequence selected from SEQ ID NOS:01-10. In some
embodiments, the isolated nucleic acid comprises SEQ ID
NO:01.

In some embodiments, the nucleic acid encoding GLI1
comprises a nucleic acid encoding GLI1-130, or the GLI1
protein comprises GLI1-130 isoform.

Some embodiments of the methods and compositions
provided herein include a method of inhibiting transcription
of a gene selected from the group consisting of CTR1,
CTR2, ATP7A, and ATP7B, comprising reducing the bind-
ing of the c-jun protein to c-jun binding sites in the promoter
of said gene.

In some embodiments, the binding of c-jun is inhibited by
reducing the level of a nucleic acid encoding GLI1, a nucleic
acid encoding c-fos, or reducing the level of GLII protein,
or c-fos protein in the cell.

In some embodiments, the level of a nucleic acid encod-
ing GLI1, a nucleic acid encoding c-fos, or reducing the
level of GLI1 protein, or c-fos protein is reduced by con-
tacting the cell with an isolated nucleic acid. In some
embodiments, the isolated nucleic acid is selected from a
small hairpin RNA (shRNA), a small interfering RNA
(siRNA), a micro RNA (miRNA), an antisense polynucle-
otide, and a ribozyme.

In some embodiments, said binding of c-jun is inhibited
by reducing the level of a nucleic acid encoding GLI1 or
reducing the level of GLI1 protein, wherein the isolated
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nucleic acid comprises a sequence encoding antisense GLI1
or a fragment thereof, or an antisense nucleic acid comple-
mentary to a sequence encoding GLI1 or a fragment thereof.

In some embodiments, the isolated nucleic acid comprises
a sequence selected from SEQ ID NOS:01-10. In some
embodiments, the isolated nucleic acid comprises SEQ ID
NO:01.

In some embodiments, the nucleic acid encoding GLI1
comprises a nucleic acid encoding GLI1-130, or the GLI1
protein comprises GLI1-130 isoform.

In some embodiments, the cell is a mammalian cell. In
some embodiments, the cell is a human cell.

In some embodiments, the cell is a cancer cell. In some
embodiments, the cell is an ovarian cancer cell.

In some embodiments, the cell is in vivo.

In some embodiments, the cell is in vitro.

Some embodiments of the methods and compositions
provided herein include an agent which reduces the level of
a nucleic acid encoding GLI1 or which reduces the level of
GLI1 protein in a cell for inhibiting an increase in expression
of a DNA repair gene in a cell contacted with a platinum-
based chemotherapeutic compound.

In some embodiments, the agent is an isolated nucleic
acid. In some embodiments, the isolated nucleic acid is
selected from a small hairpin RNA (shRNA), a small inter-
fering RNA (siRNA), a micro RNA (miRNA), an antisense
polynucleotide, and a ribozyme.

In some embodiments, the isolated nucleic acid comprises
a sequence encoding antisense GLI1 or a fragment thereof,
or an antisense nucleic acid complementary to a sequence
encoding GLI1 or a fragment thereof.

In some embodiments, the isolated nucleic acid comprises
a sequence selected from SEQ ID NOS:01-10. In some
embodiments, the isolated nucleic acid comprises SEQ ID
NO:01.

In some embodiments, the nucleic acid encoding GLI1
comprises a nucleic acid encoding GLI1-130, or the GLI1
protein comprises GLI1-130 isoform.

In some embodiments, the DNA repair gene is selected
from the group consisting of a base excision repair gene, and
a nucleotide base excision repair gene. In some embodi-
ments, the base excision repair gene is XRCC1. In some
embodiments, the nucleotide excision repair gene is selected
from the group consisting of ERCC1, and XPD.

In some embodiments, the cell’s resistance to the plati-
num-based chemotherapeutic compound is decreased com-
pared to a cell in which the level of a nucleic acid encoding
GLI1 has not been reduced or in which the level of GLI1
protein has not been reduced.

In some embodiments, the cell’s resistance to the plati-
num-based chemotherapeutic compound is decreased at
least about 6-fold.

In some embodiments, the level of phosphorylated c-jun
(Ser 63) protein in the cell in which the level of a nucleic
acid encoding GLI1 has been reduced or in which the level
of GLI1 protein has been reduced is reduced compared to a
cell in which the level of a nucleic acid encoding GLI1 has
not been reduced or in which the level of GLI1 protein has
not been reduced.

In some embodiments, the level of phosphorylated c-jun
(Thr 91) protein in the cell in which the level of a nucleic
acid encoding GLI1 has been reduced or in which the level
of GLI1 protein has been reduced is increased compared to
a cell in which the level of a nucleic acid encoding GLI1 has
not been reduced or in which the level of GLI1 protein has
not been reduced.
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Some embodiments of the methods and compositions
provided herein include an agent which reduces the level of
a nucleic acid encoding GLI1 or which reduces the level of
GLI1 protein in a cell for reducing the level of repair of
platinum-DNA adducts in a cell contacted with a platinum-
based chemotherapeutic compound.

In some embodiments, the agent is an isolated nucleic
acid. In some embodiments, the isolated nucleic acid is
selected from a small hairpin RNA (shRNA), a small inter-
fering RNA (siRNA), a micro RNA (miRNA), an antisense
polynucleotide, and a ribozyme.

In some embodiments, the isolated nucleic acid comprises
a sequence encoding antisense GLI1 or a fragment thereof,
or an antisense nucleic acid complementary to a sequence
encoding GLI1 or a fragment thereof.

In some embodiments, the isolated nucleic acid comprises
a sequence selected from SEQ ID NOS:01-10. In some
embodiments, the isolated nucleic acid comprises SEQ ID
NO:01.

In some embodiments, the nucleic acid encoding GLI1
comprises a nucleic acid encoding GLI1-130, or the GLI1
protein comprises GLI1-130 isoform.

In some embodiments, the reduction in the level of repair
of platinum-DNA adducts in the cell having a reduced level
of a nucleic acid encoding GLI1 or a reduced level of GLI1
protein compared to the level of repair of platinum-DNA
adducts in a cell contacted with a platinum-based chemo-
therapeutic compound and in which the level of a nucleic
acid encoding GLI1 has not been reduced or in which the
level of GLII protein has not been reduced is greater than
about 60%. In some embodiments, the reduction in the level
of repair of platinum-DNA adducts in the cell having a
reduced level of a nucleic acid encoding GLI1 or a reduced
level of GLII1 protein compared to the level of repair of
platinum-DNA adducts in a cell contacted with a platinum-
based chemotherapeutic compound and in which the level of
a nucleic acid encoding GLI1 has not been reduced or in
which the level of GLI1 protein has not been reduced is
greater than about 40%. In some embodiments, the reduction
in the level of repair of platinum-DNA adducts in the cell
having a reduced level of a nucleic acid encoding GLI1 or
a reduced level of GLII protein compared to the level of
repair of platinum-DNA adducts in a cell contacted with a
platinum-based chemotherapeutic compound and in which
the level of a nucleic acid encoding GLI1 has not been
reduced or in which the level of GLI1 protein has not been
reduced is greater than about 20%.

In some embodiments, the cell’s resistance to the plati-
num-based chemotherapeutic compound is decreased com-
pared to a cell in which the level of a nucleic acid encoding
GLI1 has not been reduced or in which the level of GLI1
protein has not been reduced.

In some embodiments, the cell’s resistance to the plati-
num-based chemotherapeutic compound is decreased at
least about 6-fold.

In some embodiments, the level of phosphorylated c-jun
(Ser 63) protein in the cell in which the level of a nucleic
acid encoding GLI1 has been reduced or in which the level
of GLI1 protein has been reduced is reduced compared to a
cell in which the level of a nucleic acid encoding GLI1 has
not been reduced or in which the level of GLI1 protein has
not been reduced.

In some embodiments, the level of phosphorylated c-jun
(Thr 91) protein in the cell in which the level of a nucleic
acid encoding GLI1 has been reduced or in which the level
of GLI1 protein has been reduced is increased compared to
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a cell in which the level of a nucleic acid encoding GLI1 has
not been reduced or in which the level of GLI1 protein has
not been reduced.

Some embodiments of the methods and compositions
provided herein include an agent which reduces the level of
a nucleic acid encoding GLI1 or which reduces the level of
GLI1 protein in a cell for increasing the level of a platinum-
based chemotherapeutic compound in a cell.

In some embodiments, the agent is an isolated nucleic
acid. In some embodiments, the isolated nucleic acid is
selected from a small hairpin RNA (shRNA), a small inter-
fering RNA (siRNA), a micro RNA (miRNA), an antisense
polynucleotide, and a ribozyme.

In some embodiments, the isolated nucleic acid comprises
a sequence encoding antisense GLI1 or a fragment thereof,
or an antisense nucleic acid complementary to a sequence
encoding GLI1 or a fragment thereof.

In some embodiments, the isolated nucleic acid comprises
a sequence selected from SEQ ID NOS:01-10. In some
embodiments, the isolated nucleic acid comprises SEQ ID
NO:01.

In some embodiments, the nucleic acid encoding GLI1
comprises a nucleic acid encoding GLI1-130, or the GLI1
protein comprises GLI1-130 isoform.

In some embodiments, the level of the platinum-based
chemotherapeutic compound in the cell in which the level of
a nucleic acid encoding GLI1 has been reduced or in which
the level of GLI1 protein has been reduced is increased
compared to the level of the platinum-based chemothera-
peutic compound in a cell in which the level of a nucleic acid
encoding GLI1 has not been reduced or in which the level
of GLI1 protein has not been reduced.

In some embodiments, the level of the platinum-based
chemotherapeutic compound in the cell in which the level of
a nucleic acid encoding GLI1 has been reduced or in which
the level of GLI1 protein has been reduced compared to the
level of the platinum-based chemotherapeutic compound in
a cell in which the level of a nucleic acid encoding GLI1 has
not been reduced or in which the level of GLI1 protein has
not been reduced is increased by at least about 40%. In some
embodiments, the level of the platinum-based chemothera-
peutic compound in the cell in which the level of a nucleic
acid encoding GLI1 has been reduced or in which the level
of GLI1 protein has been reduced compared to the level of
the platinum-based chemotherapeutic compound in a cell in
which the level of a nucleic acid encoding GLI1 has not been
reduced or in which the level of GLI1 protein has not been
reduced is increased by at least about 20%. In some embodi-
ments, the level of the platinum-based chemotherapeutic
compound in the cell in which the level of a nucleic acid
encoding GLI1 has been reduced or in which the level of
GLI1 protein has been reduced compared to the level of the
platinum-based chemotherapeutic compound in a cell in
which the level of a nucleic acid encoding GLI1 has not been
reduced or in which the level of GLI1 protein has not been
reduced is increased by at least about 10%.

In some embodiments, the efflux of the platinum-based
chemotherapeutic compound into the cell is inhibited.

Some embodiments of the methods and compositions
provided herein include an agent which reduces the level of
a nucleic acid encoding GLI1 or which reduces the level of
GLI1 protein in a cell for inhibiting the influx of a platinum-
based chemotherapeutic compound in a cell.

In some embodiments, the agent is an isolated nucleic
acid. In some embodiments, the isolated nucleic acid is
selected from a small hairpin RNA (shRNA), a small inter-
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fering RNA (siRNA), a micro RNA (miRNA), an antisense
polynucleotide, and a ribozyme.

In some embodiments, the isolated nucleic acid comprises
a sequence encoding antisense GLI1 or a fragment thereof,
or an antisense nucleic acid complementary to a sequence
encoding GLI1 or a fragment thereof.

In some embodiments, the isolated nucleic acid comprises
a sequence selected from SEQ ID NOS:01-10. In some
embodiments, the isolated nucleic acid comprises SEQ ID
NO:01.

In some embodiments, the nucleic acid encoding GLI1
comprises a nucleic acid encoding GLI1-130, or the GLI1
protein comprises GLI1-130 isoform.

Some embodiments of the methods and compositions
provided herein include an agent which reduces the level of
a nucleic acid encoding GLI1 or which reduces the level of
GLI1 protein in a cell for inhibiting the efflux of a platinum-
based chemotherapeutic compound in a cell.

In some embodiments, the agent is an isolated nucleic
acid. In some embodiments, the isolated nucleic acid is
selected from a small hairpin RNA (shRNA), a small inter-
fering RNA (siRNA), a micro RNA (miRNA), an antisense
polynucleotide, and a ribozyme.

In some embodiments, the isolated nucleic acid comprises
a sequence encoding antisense GLI1 or a fragment thereof,
or an antisense nucleic acid complementary to a sequence
encoding GLI1 or a fragment thereof.

In some embodiments, the isolated nucleic acid comprises
a sequence selected from SEQ ID NOS:01-10. In some
embodiments, the isolated nucleic acid comprises SEQ ID
NO:01.

In some embodiments, the level of the platinum-based
chemotherapeutic compound in the cell in which the level of
a nucleic acid encoding GLI1 has been reduced or in which
the level of GLII1 protein has been reduced is increased
compared to the level of the platinum-based chemothera-
peutic compound in a cell in which the level of a nucleic acid
encoding GLI1 has not been reduced or in which the level
of GLI1 protein has not been reduced.

In some embodiments, the level of the platinum-based
chemotherapeutic compound in the cell in which the level of
a nucleic acid encoding GLI1 has been reduced or in which
the level of GLI1 protein has been reduced compared to the
level of the platinum-based chemotherapeutic compound in
a cell in which the level of a nucleic acid encoding GLI1 has
not been reduced or in which the level of GLI1 protein has
not been reduced is increased by at least about 40%. In some
embodiments, the level of the platinum-based chemothera-
peutic compound in the cell in which the level of a nucleic
acid encoding GLI1 has been reduced or in which the level
of GLI1 protein has been reduced compared to the level of
the platinum-based chemotherapeutic compound in a cell in
which the level of a nucleic acid encoding GLI1 has not been
reduced or in which the level of GLI1 protein has not been
reduced is increased by at least about 20%. In some embodi-
ments, the level of the platinum-based chemotherapeutic
compound in the cell in which the level of a nucleic acid
encoding GLII1 has been reduced or in which the level of
GLI1 protein has been reduced compared to the level of the
platinum-based chemotherapeutic compound in a cell in
which the level of a nucleic acid encoding GLI1 has not been
reduced or in which the level of GLI1 protein has not been
reduced is increased by at least about 10%.

In some embodiments, the nucleic acid encoding GLI1
comprises a nucleic acid encoding GLI1-130, or the GLI1
protein comprises GLI1-130 isoform.
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In some embodiments, the platinum-based chemothera-
peutic compound is selected from the group consisting of
cisplatin, carboplatin, nedaplatin, oxaliplatin, satraplatin,
and triplatin tetranitrate.

Some embodiments of the methods and compositions
provided herein include an agent which reduces the level of
a nucleic acid encoding GLI1 or which reduces the level of
GLI1 protein in a cell for inhibiting expression of a gene
which is activated by c-jun in a cell.

In some embodiments, the agent is an isolated nucleic
acid. In some embodiments, the isolated nucleic acid is
selected from a small hairpin RNA (shRNA), a small inter-
fering RNA (siRNA), a micro RNA (miRNA), an antisense
polynucleotide, and a ribozyme.

In some embodiments, the isolated nucleic acid comprises
a sequence encoding antisense GLI1 or a fragment thereof,
or an antisense nucleic acid complementary to a sequence
encoding GLI1 or a fragment thereof.

In some embodiments, the isolated nucleic acid comprises
a sequence selected from SEQ ID NOS:01-10. In some
embodiments, the isolated nucleic acid comprises SEQ ID
NO:01.

In some embodiments, the nucleic acid encoding GLI1
comprises a nucleic acid encoding GLI1-130, or the GLI1
protein comprises GLI1-130 isoform.

In some embodiments, the level of phosphorylated c-jun
(Ser 63) protein in the cell in which the level of a nucleic
acid encoding GLI1 has been reduced or in which the level
of GLI1 protein has been reduced is reduced compared to a
cell in which the level of a nucleic acid encoding GLI1 has
not been reduced or in which the level of GLI1 protein has
not been reduced.

In some embodiments, the level of phosphorylated c-jun
(Thr 91) protein in the cell in which the level of a nucleic
acid encoding GLI1 has been reduced or in which the level
of GLI1 protein has been reduced is increased compared to
a cell in which the level of a nucleic acid encoding GLI1 has
not been reduced or in which the level of GLI1 protein has
not been reduced.

Some embodiments of the methods and compositions
provided herein include an agent which reduces the level of
a nucleic acid encoding GLI1 or which reduces the level of
GLI1 protein in a cell for inhibiting expression of a gene
which is activated by c-fos in a cell.

In some embodiments, the agent is an isolated nucleic
acid. In some embodiments, the isolated nucleic acid is
selected from a small hairpin RNA (shRNA), a small inter-
fering RNA (siRNA), a micro RNA (miRNA), an antisense
polynucleotide, and a ribozyme.

In some embodiments, the isolated nucleic acid comprises
a sequence encoding antisense GLI1 or a fragment thereof,
or an antisense nucleic acid complementary to a sequence
encoding GLI1 or a fragment thereof.

In some embodiments, the isolated nucleic acid comprises
a sequence selected from SEQ ID NOS:01-10. In some
embodiments, the isolated nucleic acid comprises SEQ ID
NO:01.

In some embodiments, the nucleic acid encoding GLI1
comprises a nucleic acid encoding GLI1-130, or the GLI1
protein comprises GLI1-130 isoform.

In some embodiments, the level of c-fos protein in the cell
in which the level of a nucleic acid encoding GLI1 has been
reduced or in which the level of GLI1 protein has been
reduced is reduced compared to a cell in which the level of
a nucleic acid encoding GLI1 has not been reduced or in
which the level of GLI1 protein has not been reduced.
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In some embodiments, the level of c-fos protein in the cell
in which the level of a nucleic acid encoding GLI1 has been
reduced or in which the level of GLI1 protein has been
reduced is increased compared to a cell in which the level of
a nucleic acid encoding GLI1 has not been reduced or in
which the level of GLI1 protein has not been reduced.

Some embodiments of the methods and compositions
provided herein include an agent which reduces the level of
a nucleic acid encoding GLI1 or which reduces the level of
GLI1 protein in a cell for inhibiting transcription of a gene
selected from the group consisting of CTR1, CTR2, ATP7A,
ATP7B, OCT1, OCT2 and OCT3.

In some embodiments, the agent is an isolated nucleic
acid. In some embodiments, the isolated nucleic acid is
selected from a small hairpin RNA (shRNA), a small inter-
fering RNA (siRNA), a micro RNA (miRNA), an antisense
polynucleotide, and a ribozyme.

In some embodiments, the isolated nucleic acid comprises
a sequence encoding antisense GLI1 or a fragment thereof,
or an antisense nucleic acid complementary to a sequence
encoding GLI1 or a fragment thereof.

In some embodiments, the isolated nucleic acid comprises
a sequence selected from SEQ ID NOS:01-10. In some
embodiments, the isolated nucleic acid comprises SEQ ID
NO:01.

In some embodiments, the nucleic acid encoding GLI1
comprises a nucleic acid encoding GLI1-130, or the GLI1
protein comprises GLI1-130 isoform.

Some embodiments of the methods and compositions
provided herein include an agent which reduces the binding
of AP-1 protein to AP-1 binding sites in the promoter of a
gene selected from the group consisting of CTR1, ATP7B,
OCT1, OCT2 and OCT3 for inhibiting transcription from
the gene in a cell.

In some embodiments, said binding of AP-1 is inhibited
by an agent which reduces the level of a nucleic acid
encoding GLI1, a nucleic acid encoding c-fos, a nucleic acid
encoding c-jun, or which reduces the level of GLI1 protein,
c-fos protein, or c-jun protein in the cell.

In some embodiments, the agent is an isolated nucleic
acid. In some embodiments, the isolated nucleic acid is
selected from a small hairpin RNA (shRNA), a small inter-
fering RNA (siRNA), a micro RNA (miRNA), an antisense
polynucleotide, and a ribozyme.

In some embodiments, the isolated nucleic acid comprises
a sequence encoding antisense GLI1 or a fragment thereof,
or an antisense nucleic acid complementary to a sequence
encoding GLI1 or a fragment thereof.

In some embodiments, the isolated nucleic acid comprises
a sequence selected from SEQ ID NOS:01-10. In some
embodiments, the isolated nucleic acid comprises SEQ ID
NO:01.

In some embodiments, the nucleic acid encoding GLI1
comprises a nucleic acid encoding GLI1-130, or the GLI1
protein comprises GLI1-130 isoform.

Some embodiments of the methods and compositions
provided herein include an agent which reduces the binding
of the c-jun protein to c-jun binding sites in the promoter of
a gene selected from the group consisting of CTR1, CTR2,
ATP7A, and ATP7B for inhibiting transcription of the gene
in a cell.

In some embodiments, the agent reduces the level of a
nucleic acid encoding GLI1, a nucleic acid encoding c-fos,
or reduces the level of GLI1 protein, or c-fos protein in the
cell.

In some embodiments, the agent is an isolated nucleic
acid. In some embodiments, the isolated nucleic acid is
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selected from a small hairpin RNA (shRNA), a small inter-
fering RNA (siRNA), a micro RNA (miRNA), an antisense
polynucleotide, and a ribozyme.

In some embodiments, the isolated nucleic acid comprises
a sequence encoding antisense GLI1 or a fragment thereof,
or an antisense nucleic acid complementary to a sequence
encoding GLI1 or a fragment thereof.

In some embodiments, the isolated nucleic acid comprises
a sequence selected from SEQ ID NOS:01-10. In some
embodiments, the isolated nucleic acid comprises SEQ ID
NO:01.

In some embodiments, the nucleic acid encoding GLI1
comprises a nucleic acid encoding GLI1-130, or the GLI1
protein comprises GLI1-130 isoform.

In some embodiments, the cell is a mammalian cell. In
some embodiments, the cell is a human cell.

In some embodiments, the cell is a cancer cell. In some
embodiments, the cell is an ovarian cancer cell.

In some embodiments, the cell is in vivo.

In some embodiments, the cell is in vitro.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 shows a schematic diagram of signaling via the
Hedgehog pathway.

FIG. 2A shows a graph of GLN1 and OPN expression in
various primary cutaneous cancer and metastatic melanoma.
Gene microarray analysis (utilizing a Human Genome U133
Plus 2.0 array from Affymetrix, Inc.) was used to compare
40 metastatic melanoma samples, composed of 22 bulky,
macroscopic (replaced) lymph node metastases, 16 subcu-
taneous and 2 distant metastases (adrenal and brain), to 16
primary cutaneous melanoma specimens (Riker, A. L., et al.
(2008) BMC Med. Genomics 1:13). The expression levels of
GLI1 and OPN increase progressively beyond the stage of
MIS through the stage of metastatic melanoma. Thin, thin
melanomas (<1.5 mm in Breslow thickness); IM, interme-
diate thickness (between 1.5 and 4.0 mm in Breslow thick-
ness); thick, melanomas (that are >4.0 mm in Breslow
thickness). The left y-axis denotes the scale for GLI1
expression and the right y-axis corresponds to OPN levels.
As compared with MIS, the increase in GLII in the meta-
static melanoma samples is statistically significant
(p=0.020). The increase in OPN expression in the thick and
metastatic melanoma specimens is statistically significant
compared with the corresponding OPN levels in the MIS
specimens (p=0.018 and 0.0018, respectively).

FIG. 2B and FIG. 2C show graphs of OPN expression in
MCCO12A, MCCO12F, and MDA-MB-435 cells treated
with cyclopamine. FIG. 2B shows that cyclopamine treat-
ment significantly (* indicates p<0.0001) decreases the
levels of OPN mRNA (assessed by qRT-PCR) in MCCO012A
and MCCOI12F cells. FIG. 2C shows that cyclopamine
significantly (* indicates p<0.0001) decreases the levels of
OPN mRNA in a dose-dependent manner in MDA-MB-435
cells. Specifically, cells were treated with the indicated
concentrations of cyclopamine in Dulbecco’s modified
minimum essential medium, F-12 supplemented with 0.5%
fetal bovine serum. This medium was replaced with fresh
cyclopamine-containing medium after 12 h. Cells were
harvested for assay after 24 h of cyclopamine treatment.
RNA was assessed by real-time RT-PCR for OPN transcript
levels.

FIG. 2D shows a graph of reporter gene activity in
MCCO012A and MCCO12F cell lines. Cyclopamine causes a
dose-dependent decrease in the OPN promoter activity (200
ng of pGL3-OPN transfected) in MCCO12A and MCCO12F
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cell lines. In the MCCO12F cells, at the doses tested (10 uM
and 20 uM), cyclopamine caused a significant (p=0.042 and
0.002, respectively) decrease in OPN promoter activity. In
the MCCO12A cell line, cyclopamine (10 uM) caused a
noticeable, but not significant (p=0.06) decrease in OPN
promoter activity. Treatment with 20 uM cyclopamine
caused a significant decrease (p=0.0006) in OPN promoter
activity. Tomatidine had no effect on the promoter activity of
OPN.

FIG. 2E shows a Western blot of OPN in MDA-MB-435
cells treated with dimethyl sulfoxide (DMSO), 10 uM and
20 uM cyclopamine. The conditioned media were assayed
for OPN. OPN in the secretome were decreased upon
treatment with cyclopamine.

FIG. 2F and FIG. 2G show graphs of reporter gene
activity in cells (MDA-MB-435) transfected with the OPN
promoter construct (200 ng) and treated with increasing
concentrations of either SHH (FIG. 2F) or IHH (FIG. 2G).
The Hedgehog ligands stimulate OPN promoter activity. The
asterisk above the graph indicates that the activity of the
OPN promoter was significantly (p<0.0001) higher than that
of the corresponding control (untreated) group for all con-
centrations of IHH and SHH tested.

FIG. 2H shows a graph of reporter gene activity in
metastatic melanoma cell lines treated with SHH or IHH.
Triggering the Hedgehog pathway by treatment with the
ligands, SHH and IHH, results in a significant increase in
OPN promoter activity in metastatic melanoma cell lines,
MCCO012A (p=0.0004 for SHH and p<0.0001 for IHH
treatments) and MCCOI12F (p=0.0078 for SHH and
p=0.0032 for THH).

FIG. 2I shows a graph of OPN expression in MDA-MB-
435 cells (1 million) were treated with cyclopamine or
tomatidine (20 uM). SHH was able to rescue the inhibitory
effects of cyclopamine on OPN transcript levels. After 12 hr,
the medium of one cyclopamine-treated set was replaced
with medium containing recombinant SHH (100 nM). The
experiment was terminated after 24 h of the start of the
initial cyclopamine treatment. RNA was assessed by real-
time RT-PCR for OPN transcript levels. Error bars represent
mean=S.E.

FIG. 3A shows a Western blot of cell lysates from the
metastatic melanoma cell lines, MCC12A, MCCI12F and
MDA-MB-435. $-actin served as a loading control. Each
cell line expresses the Hedgehog receptor (PTCH) and the
Hedgehog ligand (SHH). FIG. 3B, FIG. 3C, and FIG. 3D
show graphs of SHH, GLI1, and OPN expression in various
cell lines, respectively. The metastatic melanoma cell lines
express significantly (p<0.0001 in all cases) higher levels of
the transcripts of SHH, the transcription factor, GLI1 and
OPN compared to the primary melanoma-derived cell lines,
MCCO013.

FIG. 4A (upper panel) shows the putative GLI1-binding
site in the OPN promoter. FIG. 4A (lower panel) shows a
graph of reporter gene activity for various reporter con-
structs. Mutations of the putative GLI1-binding site make
the OPN promoter insensitive to the effects of GLI1. The
OPN promoter (-112 to -352 (pGL3-OPN-352)) was signifi-
cantly activated (p<0.0001) in response to GLI1. Cells
(MDA-MB-435) were transfected with either 100 ng of
pGL3, pGL3-OPN-352, or pGL.3-OPN-352* and 300 ng
of pLNCX or pLNCX-GLI1. Empty pGL3 vectors (devoid
of promoter) co-transfected with empty pLNCX vectors
served as control. The inset box outlines the consensus
GLI1-binding site and defines the GLI1-binding site in the
OPN promoter. The underlined nucleotides are distinct from
the ones in the consensus site. The GLI1-binding site in the
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OPN promoter is abolished in OPN-352**; the bases in
bold have been altered to change from a GLI1-binding site
to a Notl restriction enzyme site. Asterisk indicates that the
activation of the promoter activity (pGL3-OPN-352) is
statistically significant (p<0.0001) compared with pGL3
alone.

FIG. 4B shows a graph of reporter gene activity for
various reporter constructs in treated cells. pGL.3-OPN-352
shows a significant (p<0.0001) activation in the activity in
the presence of Hedgehog ligands. In contrast to pGL3-
OPN-352, pGL3-OPN-352%* is resistant to the effects of
Hedgehog ligands.

FIG. 4C shows a ChIP assay in MDA-MB-435 cells,
showing that GLI1 interacts with the OPN promoter. The
antibodies used for immunoprecipitation are indicated. Lane
1, PCR using primers encompassing the GLI1-binding site;
lanes 2 and 3, PCR using a kit provided the ChIP-positive
control and ChIP-negative primers, respectively; and lane 4,
PCR using primers amplifying a region of the OPN pro-
moter that is approximately 1 kb upstream of the GLI1-
binding site. Error bars represent mean+S.E.

FIG. 5A shows a Western blot of MDA-MB-435 cells
transfected with shRNA constructs predicted to target GLI1
(cloned into pSUPERIOR). Cells were assessed for OPN
and GLI1 by western blotting. shRNA-1 and -2 are effective
at silencing GLI1. Concomitantly, cells transfected with
shRNA 1 & 2 show decreased OPN expression. FIG. 5B
shows a graph of viable transfected cells post transfection.
Knock-down of GLI1 causes the cells to proliferate slower
in culture (p>0.05). FIG. 5C shows a Western blot of
transfected cells. The expression of the OPN receptor, CD44
is not altered in the cells with a stable knockdown of
endogenous GLI1. Immunoblot of CD44 in the vector-only,
scrambled transfectants and the GLI1-silenced (KO1 and
KO4) cells.

FIG. 6A shows a Western blot of MDAMB-435 cells
stably transfected with shRNA to GLI1. Clones KO1 to KO4
were stably silenced for GLI1 and show notably reduced
OPN expression. FIG. 6B shows a graph of real time
RT-PCR for various transfected cells. Expression of GLI1
mRNA in KO1 to KO4 was notably lower than the controls
(vector-only and scrambled transfected). FIG. 6C shows a
Western blot of cells transfected with vector-only, scrambled
transfectants and KO1 and KO4 cells, and probed for
expression of markers of EMT (vimentin, SNAI2, and
N-cadherin). p-tubulin served as a loading control. Error
bars represent mean+S.E. shRNA to GLI1 abrogates expres-
sion of OPN and brings about a partial reversal of EMT

FIG. 7A shows a graph of cell movement for various
transfectants. Abrogating GLI1 expression (KO1 and KO4)
reduced the ability of cells to move and fill in a wound in the
cell monolayer (p>0.05). FIG. 7B shows a graph of cell
migration for various transfectants. Silencing endogenous
expression of GLI1 significantly decreases the ability of
cells to migrate (p<0.0001) across gelatin-coated filters.
FIG. 7C shows a graph of cell invasion for various trans-
fectants. Silencing endogenous expression of GLI1 signifi-
cantly decreases the ability of cells to invade (p<0.0001)
through Matrigel. The readings of KO1 and KO4 were
compared with the corresponding scrambled control-trans-
fected cells to determine statistical significance. In all cases,
the vector-only cells were comparable with the scrambled
control cells (p>0.1). FIG. 7D shows a graph of tumor
diameter over time for various transfectants. GLI1-silenced
cells were compromised for their tumorigenicity. Tumor
measurements are represented as mean tumor diameter+S.E.
As compared with the scrambled control cells both KO1
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(p=0.0028) and KO4 (p=0.0018) formed significantly
slower growing tumors. FIG. 7E shows a graph of pulmo-
nary metastases for various transfectants. The GLI1 KO1
(p=0.0012) and KO4 (p=0.0005) cells were significantly
impaired in their ability to form spontaneous metastases.
Error bars represent mean+S.E. Silencing endogenous GLI1
expression diminishes attributes of motility, invasion,
migration, and proliferation and negatively impacts tumori-
genicity and metastasis.

FIG. 8 shows a graph of the incidence of bone metastases
for various transfectants.

FIG. 9A shows an immunoblot representing the restored
OPN in cells that have been stably knocked down for GLI1
(GLI1 KOj; and consequently express decreased levels of
OPN). GLI1 KO cells were stably transfected with empty
vector, pcDNA3.1, or pcDNA3.1 expressing OPN. FIG. 9B
shows a graph of cell migration for various transfectants. In
the migration assay, OPN-treated cells migrate in signifi-
cantly larger numbers (p<0.0001) compared with untreated
cells. As compared with KO1, the KO/OPN stable transfec-
tants migrate in significantly greater numbers (p<0.0001).
FIG. 9C shows a graph of cell invasion for various trans-
fectants. As compared with the respective untreated cells,
the OPN-treated cells invade in significantly larger numbers
(KO1, p<0.0001; and KO4, p=0.0038). In contrast to KO1,
the KO/OPN stable transfectants invade in significantly
larger numbers (p<0.0001). FIG. 9D shows a graph of cell
motility for various transfectants. In the wound healing
assay, although the KO/OPN and KO1+OPN cells are able
to move significantly faster than the respective control KO1
cells (p=0.0269 and p=0.0066, respectively), the motility of
KO4 cells treated with OPN follows a similar fast trend
(p=0.15). (KO1+OPN and KO4+OPN represent experimen-
tal conditions wherein the cells were cultured in OPN-
containing medium for 24 h and assayed in the presence of
OPN. KO/OPN represents the GLI1-knocked down cells
that have been stably transfected with OPN.) FIG. 9E shows
a graph of tumor diameter over time for various transfec-
tants. Restoration of OPN in GLI1-silenced cells results in
enhanced ability of the cells to grow as xenografts in
athymic nude mice. Tumor measurements are represented as
mean tumor diameter+S.E. As compared with the vector-
only (pSUPERIOR) and Glil-silenced (KO1) cells, the two
clones, KO1/OPN.5 and KO1/OPN.8, both formed signifi-
cantly faster growing tumors (p<0.05). Error bars represent
mean+S.E. Restoring the availability of OPN-initiated sig-
naling in GLI1-silenced cells reinstates their motility and
ability to migrate and invade

FIG. 10 shows a graph of OPN expression in hFOB cells
treated with cyclopamine treatment (5 uM, 10 uM, 20 uM).
Treatment decreases OPN mRNA levels in the hFOB cells
(assessed by quantitative real-time RT-PCR).

FIG. 11 shows a graph of reporter gene activity in hFOB
cells treated with recombinant Sonic Hedgehog (SHH).
SHH activates the OPN promoter (OPN-B). Conversely,
cyclopamine inhibits OPN in the cells compare to the
untreated control (UT) cells.

FIG. 12 shows a graph reporter gene activity in MC3T3-
E1 pre-osteoblastic cells (clones 14 and 24) treated with
Recombinant Sonic Hedgehog (SHH) and Indian Hedgehog
(IHH). SHH and IHH activate OPN promoter. Conversely,
cyclopamine treatment (20 uM) inhibits Hedgehog-activated
OPN in the MC3T3-E1 cells.

FIG. 13 shows a photograph of the Alizarin Red S staining
of osteoblast differentiation/mineralization following treat-
ment with recombinant SHH and THH
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FIG. 14A, FIG. 14B, and FIG. 14C show photomicro-
graphs of Alizarin Red-stained osteoblasts, showing miner-
alization following differentiation in medium alone (FIG.
14A), and treatment with recombinant IHH (FIG. 14B) and
SHH (FIG. 14C).

FIG. 15 (left panel) shows a graph of relative absorbance
of Alizarin Red-stained osteoblasts treated with recombinant
SHH and IHH. FIG. 15 (right panel) shows a graph of
nodule formation in osteoblasts treated with recombinant
SHH and THH. SHH and IHH promote differentiation of the
pre-osteoblastic MC3T3-E1 clone 14 cells compared to
differentiation medium (DM) alone.

FIG. 16 is a photograph of the Alizarin Red S staining of
osteoblast differentiation/mineralization following treatment
with recombinant SHH and conditioned medium from two
breast cancer cell lines, SUM1315 (1315) and MDA-MB-
231 (231) in the presence of SHH-neutralizing antibody SE1
(E) and/or in the presence of RNA interference-induced
silencing of OPN (OPNi).

FIG. 17A is a graph of relative absorbance of Alizarin
Red-stained osteoblasts treated with recombinant SHH. FIG.
17B is a graph of nodule formation in osteoblasts treated
with recombinant SHH. Treatment with recombinant SHH
promotes differentiation of the pre-osteoblastic MC3T3-E1
clone 14 cells. Conditioned medium (SFM) from the MDA-
MB-231 and SUM1315 cells interferes with osteoblast dif-
ferentiation & mineralization compared to differentiation
medium (DM) alone.

FIG. 18 shows an alkaline phosphatase assay for osteo-
blast differentiation shows that conditioned medium (SFM)
from the MDA-MB-231 and SUM1315 cells interferes with
osteoblast differentiation compared to differentiation
medium (DM) alone. Treatment with recombinant SHH
promotes differentiation of the pre-osteoblastic MC3T3-E1
clone 14 cells. A neutralizing SHH antibody (E1) reduces
differentiation.

FIG. 19A and FIG. 19B show quantitative real-time
RT-PCR analysis of Bone Sialoprotein and Osteocalcin,
respectively, as markers of osteoblast differentiation also
show that conditioned medium (SFM) from the MDA-MB-
231 and SUM1315 cells interferes with osteoblast differen-
tiation compared to differentiation medium (DM) alone.
Treatment with recombinant SHH promotes differentiation
of the pre-osteoblastic MC3T3-E1 clone 14 cells. A neutral-
izing SHH antibody (E1) reduces differentiation.

FIG. 20 shows a photomicrograph of RAW cells cultured
under conditions incorporating RANKL (RANK-Ligand)
and M-CSF (macrophage colony stimulating factor) to
induce their differentiation into osteoclast-like cells. TRAP
(Tartarate-resistant acid phosphatase) staining for osteoclast
differentiation is shown in red boxes. The wells boxed in
black represent staining for the total phosphatase in the
RAW264.7 cells.

FIG. 21 shows photomicrographs of RAW cells in growth
medium (GM, left panel) and in differentiation medium
(DM, middle panel) containing RANKI, (RANK-Ligand)
and M-CSF (macrophage colony stimulating factor, right
panel). The giant, multinucleate cells represent differentiated
osteoclast-like cells. Recombinant SHH (100 nM) potenti-
ates differentiation.

FIG. 22 shows photomicrographs of RAW cells in differ-
entiation medium (DM) containing RANKIL, (RANK-Li-
gand) and M-CSF (macrophage colony stimulating factor)
and osteopontin (OPN). Left panel: cells treated with OPN;
center panel: cells treated with conditioned medium from
MDA-MB-231 cells; right panel: cells treated with condi-
tioned medium from SUM1315 cells. The giant, multinucle-
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ate cells represent differentiated osteoclast-like cells. Con-
ditioned medium from the breast cancer cells, MDA-MB-
231 and SUM 1315 potentiates differentiation.

FIG. 23 shows a graph of osteoclast number treated with
various compounds. Conditioned medium from the breast
cancer cells, MDA-MB-231 and SUM 1315 potentiates
osteoclast differentiation. DM represents differentiation
medium containing RANKL (RANK-Ligand) and M-CSF
(macrophage colony stimulating factor). Recombinant SHH
(sonic hedgehog) and OPN (osteopontin) also stimulate
osteoclast differentiation. TRAP stained cells containing 3 or
more nuclei were scored as osteoclasts.

FIG. 24 shows a Western blot of A2780-CP70 cells grown
as monolayers and harvested in log phase.

FIG. 25 shows a Western blot of A2780 and A2780-CP70
cells and probed for GLI1 and a-tubulin. A2780 cells: lanes
1, 2, 3. A2780-CP70 cells: lanes 4, 5, 6. Upper, middle and
lower panels are from three separate experiments.

FIG. 26 shows Western blots of A2780 and A2780-CP70
cells and probed SHH (left panel), IHH (center panel), and
DHH (right panel).

FIG. 27 shows a Western blot of A2780-CP70 cells treated
with 70 uM cyclopamine for 24 hr, 48 hr, and 72 hr, and
probed for GLI1, a-tubulin, and HDAC3.

FIG. 28 shows a Western blot of A2780-CP70 cells treated
with cyclopamine for O hr, 6 hr, 24 hr, 48 hr, and 72 hr, and
probed for SHH.

FIG. 29 shows a Western blot of A2780-CP70 cells treated
with cyclopamine for O hr, 6 hr, 24 hr, 48 hr, and 72 hr, and
probed for THH.

FIG. 30 shows a Western blot of A2780-CP70 cells treated
with 70 uM cyclopamine for O hr, 6 hr, 24 hr, 48 hr, and 72
hr, and probed for c-jun, a-tubulin, and HDAC3.

FIG. 31 shows a Southern blot of A2780-CP70 cells
treated with 70 pM cyclopamine for 6 hr, 24 hr, 48 hr, and
72 hr, and reflects a PCR assessment of mRNA levels for
c-jun, c-fos, and GAPDH.

FIG. 32 shows graphs of c-jun (left panel) and c-fos (right
panel) expression in A2780-CP70 cells treated with 70 uM
cyclopamine for 6 hr, 24 hr, 48 hr, and 72 hr.

FIG. 33 shows a Western blot of A2780-CP70 cells treated
with 50 uM cisplatin for 1 hr and probed for c-jun. Samples
were taken O hr, 6 hr, 24 hr, 48 hr, and 72 hr post-treatment.

FIG. 34 shows a Western blot of A2780-CP70 cells treated
with 50 uM cisplatin for 1 hr and probed for c-jun, phos-
phorylated c-jun (Ser 63), phosphorylated c-jun (Ser 73),
and a-tubulin. Samples were taken 0 hr, 6 hr, 24 hr, 48 hr,
and 72 hr post-treatment.

FIG. 35 shows a Western blot of A2780-CP70 cells treated
with 50 uM cyclopamine and probed for c-jun, c-fos,
phosphorylated c-jun (Ser 63), phosphorylated c-jun (Ser
73), phosphorylated c-jun (Thr 91, Thr 93), HDAC3, and
a-tubulin. Samples were taken O hr, 6 hr, 24 hr, 48 hr, and
72 hr.

FIG. 36 shows a schematic diagram summarizing differ-
ences between c-jun expression in cells treated with cyclo-
pamine or cisplatin.

FIG. 37 shows a photomicrograph of A2780-CP70 cells
transfected with an anti-GLI1 shRNA construct. Panels A
and B show a cell-field immediately after transfection under
visible light and fluorescent light conditions, respectively.
Panels C and D show a cell-field 24 hr after transfection
under visible light and fluorescent light conditions, respec-
tively.
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FIG. 38 shows a Western blot of A2780-CP70 cells
transfected with anti-GLI1shRNA construct and probed for
GLI1, HDAC3, and a-tubulin. Samples were taken 44 hr
post-transfection.

FIG. 39 shows a Southern blot of A2780-CP70 cells
transfected with anti-GLI1 shRNA construct, and reflects a
PCR assessment of mRNA levels for GLI1 and GAPDH.
Samples were taken 6 hr, 24 hr, 48 hr, and 72 hr post-
transfection.

FIG. 40 shows a Western blot of A2780-CP70 and A2780
cells transfected with anti-GLI1 shRNA construct and
probed for GLI1, GLI2, c-jun, and GAPDH. Samples were
taken 24 hr post-transfection.

FIG. 41 shows a Southern blot of A2780-CP70 cells
transfected with anti-GLI1 shRNA construct, and reflects a
PCR assessment of mRNA levels for c-jun, c-fos, and
GAPDH. Samples were taken 6 hr, 24 hr, 48 hr, and 72 hr
post-transfection.

FIG. 42 shows a Western blot of A2780-CP70 cells
transfected with anti-GLI1 shRNA construct and probed
c-jun, c-fos, phosphorylated c-jun (Ser 63), phosphorylated
c-jun (Ser 73), phosphorylated c-jun (Thr 91, Thr 93), and
a-tubulin. Samples were taken O hr, 6 hr, 24 hr, 48 hr, and
72 hr post-transfection.

FIG. 43 shows a Western blot of A2780-CP70 and A2780
cells transfected with anti-GLI1 shRNA construct and
probed GLI1, SSH, IHH, a-tubulin, and HDACI1. Samples
were taken 24 hr post-transfection.

FIG. 44 shows a Western blot of A2780-CP70 cells
transfected with anti-GLI1 shRNA construct and probed
GLI1, SSH, and IHH. Samples were taken O hr, 6 hr, 24 hr,
and 48 hr post-transfection.

FIG. 45 shows a Southern blot of A2780-CP70 cells
treated with 70 uM cyclopamine, and reflects a PCR assess-
ment of mRNA levels for ERCC1, XRCC1, XPD, and
GAPDH. Samples were taken at 6 hr, 24 hr, 48 hr, and 72 hr.

FIG. 46 shows a Southern blot of A2780-CP70 cells
transfected with anti-GLI1 shRNA construct and, reflects a
PCR assessment of mRNA levels for ERCC1, XRCCI1,
XPD, and GAPDH. Samples were taken at 6 hr, 24 hr, 48 hr,
and 72 hr.

FIG. 47 shows a Southern blot of A2780-CP70 cells
transfected with anti-GLI1 shRNA construct and treated
with 40 uM cisplatin for 1 hr (IC50 dose), and reflects a PCR
assessment of mRNA levels for ERCC1, XRCC1, XPD, and
GAPDH. Samples were taken at 6 hr, 24 hr, 48 hr, and 72 hr.

FIG. 48 shows a Southern blot of A2780-CP70 cells
transfected with anti-GLI1 shRNA construct and treated
with 40 uM cisplatin for 1 hr (IC50 dose), and reflects a PCR
assessment of mRNA levels for ERCC1, XRCC1, XPD, and
GAPDH. Samples were taken at O hr, 6 hr, 24 hr, 48 hr, and
72 hr.

FIG. 49 shows photomicrographs of A2780 cells cultured
in monolayers (left panel), or spheroids (right panel).

FIG. 50 shows a Western blot of A2780 cells probed
GLI1, CD117, CD44, and a-tubulin. Lanes: 1-MFC (cells
cultured in monolayers); 2-spheroids (cells cultured as
spheroids); and 3-SFC (monolayers of cells derived from
spheroids).

FIG. 51 shows a Western blot of A2780 cells probed
GLI1, CD117, CD44, and a-tubulin. Lanes: 1-MFC (cells
cultured in monolayers) nuclear fraction; 2-MFC (cells
cultured in monolayers) cytoplasmic fraction; 3-spheroids
(cells cultured as spheroids) nuclear fraction; 4-spheroids
(cells cultured as spheroids) cytoplasmic fraction; and
5-SFC (monolayers of cells derived from spheroids) nuclear
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fraction; and 6-SFC (monolayers of cells derived from
spheroids) cytoplasmic fraction.

FIGS. 52A and 52B show graphs depicting of percent
growth of A2780-CP70 cells transfected with anti-Glil
shRNA construct and treated with various concentrations of
cisplatin.

FIG. 53 shows a graph of percent growth of A2780-CP70
cells transfected with anti-Glil shRNA construct and treated
with 20 uM cyclopamine for 1 hr, and 0 uM, 10 uM, 30 puM,
or 100 uM cisplatin. Control cells were treated with cisplatin
only.

FIG. 54A shows a graph depicting RAW264.7 cells
treated with the indicated concentrations of recombinant
SHH. The levels of OPN were assessed by real-time quan-
titative RT-PCR. Relative to untreated cells, the cells treated
with SHH expressed significantly greater levels of OPN
mRNA (p<0.0001).

FIG. 54B shows a graph depicting an OPN promoter
construct (200 ng) and the $-galactosidase plasmid (200 ng)
were co-transfected into RAW264.7 cells. Luciferase activ-
ity was assayed 24 hours post-SHH treatment and normal-
ized to P-galactosidase. Each group was assessed in tripli-
cate. The data is depicted as relative luciferase activity and
is representative of three independent experiments. The
increase in OPN promoter activity is significantly (p<0.05)
higher for the indicated groups relative to the control (un-
treated) cells.

FIG. 54C shows a Western blot depicting SHH treatment
of the RAW264.7 cells (at the nM concentrations indicated)
stimulates the expression of OPN. Cells were lysed 24 hours
post SHH treatment and OPN and (-actin were assessed by
immunoblotting.

FIG. 54D shows a graph depicting densitometric analyses
of the immunoblotting results. The results are represented as
band intensity relative to respective loading control. Band
intensities are represented as arbitrary units.

FIG. 55A shows a graph depicting differentiation medium
(DM) supports differentiation of RAW264.7 into osteoclasts.
Supplementing DM with recombinant human OPN (100
ng/ml) or SHH (100 nM) significantly (* indicates p<0.005)
increases the numbers of multinucleate (>3 nuclei) TRAP-
positive cells.

FIG. 55B shows a graph depicting conditioned serum-free
medium from breast cancer cells, MDA-MB-231, SUM159
and SUM1315 significantly (*p<0.01) increases the num-
bers of multinucleate, TRAP-positive cells. The addition of
Hh ligand neutralizing antibody, 5E1, to differentiation
conditions, notably ("p<0.05) reduces the efficiency of breast
cancer cell-conditioned medium to elicit osteoclast differ-
entiation.

FIG. 55C shows a Western blot depicting breast cancer
cells (MCF10CA clone d, MDAMB-231, SUM159 and
SUM1315) express IHH and SHH ligands. Shown is an
immunoblot of the lysate from the breast cancer cells.
p-tubulin serves as a loading control.

FIG. 55D shows photomicrographs depicting TRAP-
stained osteoclasts formed in response to various differen-
tiation conditions. The bar represents 100 um. (a) Growth
medium (GM); (b) & (e) Differentiation medium (DM); DM
supplemented with (¢) recombinant OPN (100 ng/ml); (d)
SHH (100 nM); (f) DM+5E1 (2.5 ug/ml); DM supplemented
with conditioned medium from (g) MDA-MB-231 cells; (i)
SUMI159 cells; (k) SUM1315 cells; SE1 (2.5 pg/ml) added
to DM supplemented with conditioned medium from (h)
MDA-MB-231; (j) SUM159 and (1) SUMI1315 cells. The
osteoclasts are marked within circles in panel (c). The data
was recorded at 10x magnification using the Nikon Eclipse
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TS 100 microscope and is represented as a percentage of
multinucleate TR AP-positive cells relative to the total num-
ber of cells in the field. The data was verified by two
independent experiments.

FIG. 56A shows a graph depicting recombinant human
OPN (100 ng/ml) and SHH (100 nM) significantly (*
indicates p<0.001) increases the resorption activity of the
differentiated osteoclasts. RAW254.7 cells were induced for
differentiation on OAAS plates. At the end of the assay the
area resorbed was quantified.

FIG. 56B shows photomicrographs depicting the areas
resorbed by the differentiated osteoclasts in response to
various differentiation conditions. The bar represents 100
um. (a) Growth medium (GM); (b) Differentiation medium
(DM); DM supplemented with (¢) SHH (100 nM); (d)
recombinant OPN (100 ng/ml). The arrows point to the area
resorbed.

FIG. 56C shows a graph depicting conditioned serum-free
medium from breast cancer cells, SUM159, MDA-MB-231,
and SUM1315 significantly (*p=0.01) increases the resorp-
tion activity of osteoclasts. Addition of the Hh ligand
neutralizing antibody, SE1, to differentiation conditions
notably ("p<0.05) decreases the resorption activity of osteo-
clasts induced by the secretome of breast cancer cells. The
difference in the area resorbed by DM and DM+5E1 is not
statistically significant (p=0.06). Data is represented as a
percentage of the area resorbed relative to the total area in
the field of view (this corresponds to 568197.12 um2). The
experiment was repeated once.

FIG. 56D shows photomicrographs depicting the areas
resorbed by the differentiated osteoclasts in response to
various differentiation conditions. The bar represents 100
um. Differentiation medium (DM) (a); DM supplemented
with (b) SE1 (2.5 pg/ml); conditioned medium from (c)
SUMI159 cells (e) MDA-MB-231; (g) SUM1315 cells. (d)
(1) and (h) SE1 (2.5 pg/ml) added to DM supplemented with
conditioned medium from SUMI159 cells, MDA-MB-231
cells and SUM1315 cells respectively.

FIG. 57A shows a graph depicting inhibition of Hh
signaling in osteoclasts by the Smoothened (SMOH) inhibi-
tor, cyclopamine (20 uM) significantly (*p<0.0001) com-
promises their ability to differentiate. RAW264.7 cells were
cultured under differentiating conditions in the presence of
breast cancer cell-conditioned medium/and cyclopamine (20
uM).

FIG. 57B shows photomicrographs depicting differentia-
tion assessed by TRAP staining. Differentiation conditions
included (a) DM; (b) DM+cyclopamine; conditioned
medium from (¢) SUM159, (e) MDA-MB-231 & SUM1315
cells (g). Images (d), (f) & (h) represent resorption in
presence of conditioned media from SUM159, MDA-MB-
231, and SUM1315 cells supplemented with cyclopamine.
Images were acquired at 10x magnification using the Nikon
Eclipse TS 100 microscope.

FIG. 57C shows a graph depicting Hh signaling in osteo-
clasts by the Smoothened (SMOH) inhibitor, cyclopamine
(20 uM) significantly (*p<0.0001) compromises their ability
to resorb matrix when stimulated with conditioned medium
from breast cancer cells.

FIG. 57D shows photomicrographs depicting resorption
activity assessed by TRAP staining. Differentiation condi-
tions were used as described for cells depicted in FIG. 57B.

FIG. 58A, FIG. 58B, and F1G. 58C show graphs depicting
the levels in treated cells of OPN, MMP9, and Cathepsin K
(CTSK), respectively. The levels were assessed by real-time
quantitative RT-PCR and normalized to GAPDH. The levels
of gene expression are represented relative to the expression
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in DM alone. Three breast cancer cell lines: MDA-MB-231,
SUM159 and SUM1315 were evaluated. Neutralizing anti-
body 5E1 significantly decreased levels of OPN (*p<0.01),
CTSK (*p<0.001) and MMP9 (*p=0.0001). Cyclopamine
significantly decreased levels of OPN (*p<0.0001), CTSK
(*p<0.0001) and MMP9 (*p<0.0001; "p<0.005).

FIG. 58D shows a Western blot depicting expression of
proteases Cathepsin K and MMP9 is regulated by Hh
signaling. The expression of OPN, MMP9 and Cathepsin K
(CTSK) were assessed by immunoblotting. The graph rep-
resents densitometric analyses of the immunoblotting
results. The results are represented as band intensity in
arbitrary units relative to respective loading control.

FIG. 59A shows a graph depicting relative in various
treated cells.

FIG. 59B shows a graph depicting relative expression of
MMP?9 in various treated cells.

FIG. 59C shows a graph depicting percent area resorped
for various treated cells.

FIG. 59D depicts photomicrographs showing the areas
resorbed by the differentiated osteoclasts in response to
various differentiation conditions. The bar represents 100
um. (a) Differentiation medium (DM); (b) DM on KO
osteoclasts; (¢) recombinant SHH (100 nM); (d) recombi-
nant SHH on KO osteoclasts; (e) & (i) DM supplemented
with conditioned medium from MDA-MB-231 cells and
SUM1315 cells respectively; (f) & (j) represent osteoclasts
silenced for OPN expression on day 6 (KO); (g) & (k)
represent differentiation conditions in presence of the SE1
antibody (2.5 pg/ml); (h) & (1) represent osteoclasts cultured
in presence of SE1 antibody that were silenced for OPN
expression on day 6 (KO). (*p<0.05).

FIG. 60A shows a graph depicting percent cells forming
osteoclast for various treated cells (*p=0.012 and p=0.0049
respectively).

FIG. 60B shows photomicrographs depicting differentia-
tion of (a) control SUM1315 cells or (b) cells transfected
with vector control (scrl: pSuperior.egfp.neo) or (c) trans-
fected with shRNA targeting GLI1 or (d) transfected with
pSuper vector control (scr2) or (e) transfected with shRNA
targeting OPN.

FIG. 60C shows a graph depicting percent area resorbed
for various treated cells (p=0.0001 and p=0.0005 respec-
tively).

FIG. 60D shows photomicrographs depicting resorption
of (a) control SUM1315 cells or (b) cells transfected with
vector control (scrl: pSuperior.egfp.neo) or (c¢) transfected
with shRNA targeting GLI1 or (d) transfected with pSuper
vector control (scr2) or (e) transfected with shRNA targeting
OPN.

FIG. 61 shows a schematic diagram depicting expression
of Hh ligands (Hh-L) in breast cancer cells that activate Hh
signaling in preosteoclasts. Breast cancer cells also express
OPN that can initiate signaling in pre-osteoclasts. The
pre-osteoclasts respond to Hh-L secreted by the breast
cancer cells as well as autocrine Hh signaling by expressing
OPN and differentiating into mature osteoclasts (character-
ized by expression of MMP9 and CTSK) with increased
resorptive activity. Breast cancer cells also express PTHrP in
response to Hh signaling. Thus, overall, Hh signaling-
mediated expression of factors such as OPN and PTHrP
cumulatively result in enhanced differentiation and resorp-
tive activity of osteoclasts. The dotted lines denote impli-
cations from previously published literature, whereas the
solid lines depict data from the work described herein.

FIG. 62A shows graphs depicting MDA-MB-435 cells
(left panel) or SUM1315 cells (right panel) transfected with
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vector or vector encoding shGLI1 RNA and treated with
various concentrations of doxorubicin. FIG. 62B shows
graphs depicting MDA-MB-435 cells (left panel) or
SUMI1315 cells (right panel) transfected with vector or
vector encoding shGLI1 RNA and treated with various
concentrations of taxol. FIG. 62C shows graphs depicting
MDA-MB-435 cells (left panel) or SUM1315 cells (right
panel) transfected with vector or vector encoding shGLI1
RNA and treated with various concentrations of cisplatin.

FIG. 63 (upper panel) and FIG. 63 (lower) show Northern
and Western blots, respectively, of c-jun expression in
A2780-CP70 cells treated with anti-Glil shRNA over time.

FIG. 64 shows a schematic diagram of the primary
structures of several GLI1 protein isoforms.

FIG. 65 shows a schematic diagram of the binding
domains for three commercial antibodies (#1, #2, and #3) to
the full length isoform of GLI1 protein.

FIG. 66 shows the binding domains for three commercial
antibodies (#1, #2, and #3) to the full length isoform of GLI2
protein.

FIG. 67 depicts Western blots and a SouthWestern blot
prepared from nuclear lysate of A2780-CP70 cells and
probed with GLI1 antibodies #1, #2, and #3, and GLI2
antibodies #1, #2, and #3, and a DNA probe to the c-jun
promoter.

FIG. 68 depicts Hh pathway activation in breast tumors.
Breast cancer tissues (n=75) and normal breast tissues (n=9)
were immunohistochemically stained for (A) IHH and (B)
GLI1 expression. Staining intensities were recorded and
represented as a scatter plot. The staining intensities indi-
cating expression levels of IHH and GLI1 were significantly
greater (p<0.0001) in the tissues derived from invasive
cancer (representing Infiltrating Ductal Carcinoma Grades
II-IV) and from metastatic breast cancer (DM) relative to
normal tissues and tissues derived from Ductal Carcinoma.
In Situ (DCIS). Panels a and b represent normal breast tissue
and invasive breast cancer stained for IHH. Panels ¢ and d
represent normal breast tissue and invasive breast cancer
stained for GLII1.

FIG. 69 depicts activation of Hh signaling promoting
differentiation and mineralization activity of osteoblasts.
MC3T3 El1 Sc-14 cells were grown in differentiation
medium (DM) supplemented with either with 100 nM
recombinant SHH or IHH or without. Cells grown in normal
growth medium were used as control. (A) Differentiation
was assessed by alkaline phosphatase (ALP) assay. Under
differentiation conditions that included recombinant IHH or
SHH, the ALP activity was significantly greater (} indicates
p<0.0001) relative to DM alone. (B) To visualize differen-
tiated osteoblasts, cells were stained with Alizarin Red and
wells scanned at the end of 14 days of differentiation
process. Shown are representative well scan images and
photomicrographs of differentiated osteoblasts. A represen-
tative mineralized nodule is encircled. (C) Relative to con-
trol (growth medium), DM induced the formation of min-
eralized nodules. Relative to DM the media spiked with
recombinant IHH and SHH supports the formation of sig-
nificantly greater number of mineralized nodules (1 indi-
cates p=0.012 and 0.002, respectively). The number of
nodules formed due to each treatment is represented as a
percentage of the total number of cells present in each field
of view. Control represents growth medium (D) The expres-
sion of osteoblast differentiation marker genes, BSP (7
indicates p=0.0027) and osteocalcin (1 indicates p=0.0004)
is significantly elevated in presence of SHH at the end of 14
days. Cells were harvested and RNA extracted which was
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used in real time PCR to assay. The fold change in expres-
sion is represented relative to control (growth medium).

FIG. 70 depicts Hh signaling regulating OPN expression
in osteoblastic cells. (A) Hh ligands significantly increase
the activity of OPN promoter in the preosteoblastic cell lines
hFOB and MC3T3 E1 Sc-14 ( indicates p<0.0001 for all
indicated groups). Cells were transfected with OPN pro-
moter, treated with Hh ligands and assessed for luciferase
activity. (B) The Hh pathway inhibitor, cyclopamine (20
ng/ml), decreased the expression of OPN transcript as
assessed by real time PCR (F indicates p<0.0001). The
expression of total OPN (C) as well as secreted OPN (D) is
decreased in presence of cyclopamine. The decrease in the
secreted OPN protein level is both, dose (5, 10 and 20 uM)
and time dependent.

FIG. 71 depicts Hh ligand production by tumor cells
impacting the osteoblast differentiation and expression of
RANKIL and PTHrP. (A) Conditioned media from all four
tumor cell lines caused a significant increase in ALP activity
of osteoblasts: SUMI1315 (7p=0.0002); MDA-MB-231
(fp=0.0035), SUMI159 (p=0.0005), MDAMB-435
(p=0.0009). Addition of the Hh neutralizing antibody
caused a reduction in ALP activity. SUMI315+5E1
('p=0.014); MDA-MB-231+5E1 (p=0.12), SUM159+5E1
("p=0.04), MDA-MB-435+5E1 (p=0.6). (B) Tumor cell-
conditioned media stimulated mineralization activity of the
osteoblasts as evidenced by the numbers of mineralized
nodules after Alizarin Red S staining. Nodules were counted
and expressed as a percentage of the total number of cells in
the field of view. SUM1315 (7p=0.0013); MDA-MB-231
(Tp=0.04), SUM159  (1p=0.018), MDA-MB-435
(7p<0.0001). Addition of the Hh neutralizing antibody
caused a reduction in numbers of mineralized nodules.
SUM1315+5E1 ("p=0.02); MDA-MB-231+5E1 (p=0.0005),
SUM159+5E1 (p=0.17), MDA-MB-435+5E1 (p<0.0001).
(C) The expression of RANKL by the differentiated osteo-
blasts was significantly increased in presence of tumor
cell-conditioned medium. (7p=0.0013, for all four tumor cell
lines). Neutralization of the Hh ligand with the SE1 antibody
caused a reduction in the levels of RANKIL expressed.
SUMI1315+5E1 ("p=0.0004); MDA-MB-231+5E1
("p=0.0002), SUM159+5E1 ("p=0.0003), MDA-MB-435+
SE1 ("p=0.0002). (D) The expression of PTHrP by the
osteoblasts was notably greater in presence of conditioned
medium from the tumor cells (p<0.0001 for all tumor cells).
Neutralization of Hh ligand caused a significant decrease in
the levels of PTHrP. SUM1315+5E1 ("p=0.04); MDA-MB-
231+5E1 ("p=0.0001), SUM159+5E1 ("p=0.01), MDA-MB-
43545E1 ("p<0.0001). The expression of RANKL and
PTHrP were assessed by real time qRT-PCR after 14 days of
differentiation.

FIG. 72 depicts tumor cells competent for Hh signaling
and OPN expression are efficient at inducing osteoblast
differentiation. Stable silencing of OPN (OPNi) or GLI1
(KD2 and KO1) significantly reduces the expression of (A)
BSP [Relative to SUM1315, SUM1315-OPNi ("p=0.008)
and KD2 ("p=0.0004) show lower BSP; Relative to MDA-
MB-435, 435-OPNi and KOl have decreased BSP
("p<0.0001)], (B) osteocalcin [SUM1315-OPNi ("p=0.0013)
and KD2 ("p=0.0004); 435-OPNi and KO1 ("p<0.0001)],
and (C) the mineralization capacity of the osteoblasts
[SUM1315-OPNi ("p=0.04) and KD2 ("p=0.04); 435-OPNi
("p<0.0001) and KO1 ("p=0.0003)]. The expression of BSP
and osteocalcin were assessed by real time qRT-PCR and the
nodules were assessed after Alizarin Red S staining after 14
days of differentiation.
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FIG. 73 depicts extended differentiation in presence of
tumor cell-conditioned media preserves RANKI, and PTHrP
expression but promotes osteoblast apoptosis. MC3T3 cells
were grown in differentiation supplemented with condi-
tioned media from cancer cells for either 14 days or 21 days.
At the end of each time point RNA was harvested from the
differentiated osteoblastic cells and levels of BSP, osteocal-
cin, PTHrP and RANKL were assessed by qRT-PCR. (A)
There is a significant decrease in the levels of BSP at 21 days
relative to 14 days of differentiation for all four tumor cell
lines assessed (Tp<0.0001 for all tumor cells). (B) The levels
of osteocalcin significantly decrease at 21 days relative to 14
days of differentiation (p<0.0001 for all tumor cells). (C)
The levels of PTHrP remained at elevated levels at 21 days
post-initiation of differentiation (SUM1315: Tp=0.0005;
MDA-MB-231: 1p=0.0006; SUM159: p>0.05; MDA-MB-
435: p<0.0001). (D) The levels of RANKL also remained
elevated 21 days after differentiation. (SUMI1315:
Fp=0.0023; MDA-MB-231: p=0.07, SUM159: p=0.0002;
MDA-MB-435: 1p=0.004). The levels of RANKIL and
PTHrP were assessed by qRT-PCR. (E) Assessment of
apoptosis was done at the end of 21 days post initiation of
differentiation. Fluorescein conjugated TUNEL staining was
performed to assay for apoptosis followed by nuclear stain-
ing with DAPI and cytoskeleton staining with phalloidin.
Percentage of apoptotic cells was calculated as the number
of cells with green fluorescence in the nucleus divided by the
total number of cells (represented by the blue DAPI stain) in
each field of view. Enhanced apoptosis of osteoblasts was
noted in presence of conditioned media from all tumor cells
(SUM1315  (fp=0.005), MDA-MB-231 (fp=0.002),
SUMI159 (1p=0.01), MDA-MB-435 (7p=0.04)). Represen-
tative images shown depict apoptosis recorded for a: DM; b:
SUM1315; ¢: MDA-MB-231; d: SUM159; e: MDA-MB-
435.

FIG. 74 depicts active Hh signaling in tumor cells causes
osteolysis. Tumor cells were injected into the left cardiac
ventricle of athymic mice; mice were euthanized 4-6 weeks
later and radiographically imaged and assessed for osteoly-
sis at the tibio-femoral junction. As represented in the Table,
cells that were silenced for GLI1 expression showed an
attenuated ability of osteolysis. The percent incidence of
osteolysis is depicted in the adjacent graph.

FIG. 75 (A) The Hh pathway inhibitor, cyclopamine
restricts GLI1 to the cytosol. hFOB cells were cultured in
absence (control) or in presence of cyclopamine (20 uM) for
24 h. The cells were fixed in 4% formaldehyde, permeabi-
lized in 0.5% Triton-X and probed with anti-GLI1 antibody
followed Alexa.Fluor 488-coupled second antibody (Mo-
lecular Probes). Cells were observed under either DIC or
fluorescence (at 488 nm for Alexa.Fluor) and 461 nm for
DAPI. Photomicrographs were acquired at using Axiovert
200 M Fluorescence Microscope (Zeiss). In the composite
shown, GLI1 is stained green. (B) Cyclopamine treatment
causes GLI1 to accumulate in the cytosol. Nuclear and
cytosolic fractions were prepared after treating hFOB cells
with cyclopamine. HDACI is used as a marker of purity of
the nuclear fraction. (C) Hh ligands produced by the tumor
cells upregulates expression of BSP and osteocalcin in the
osteoblasts 14 days after initiation of differentiation. Depri-
vation of the Hh ligands from the tumor cell-conditioned
medium using the SE1 neutralizing antibody caused a sig-
nificant reduction in the levels of BSP (SUM1315+5E1:
"p=0.01; 435+5E1: "p<0.0001) and osteocalcin (OC)
(SUM1315+5E1: "p=0.001; 435+5E1: "p<0.0001).

FIG. 76 (A) Expression of GLI1 and OPN in the tumor
cells enhances their ability to induce RANKL and PTHrP by
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the osteoblasts. Abrogation of GLI1 expression in the
SUM1315 cells reduces the expression of RANKL (KD2:
Tp=0.02) and PTHrP (KD2: 1p=0.02003) elicited by the
conditioned media from these cells. Likewise, conditioned
medium from MDA-MB-435 cells abrogated for GLI1 was
less efficient at inducing expression of RANKL (KO1:
\p<0.0001) and PTHrP (KO1: §p<0.0001) by the osteo-
blasts. Ablating expression of OPN also caused a significant
reduction in eliciting the expression of RANKL (OPNi:
Tp<0.0001) and PTHrP (OPNi: Tp<0.0001) in osteoblasts.
(B) Abrogating GLI1 expression reduces the incidence and
intensity of osteolysis inflicted by MDA-MB-435 cells.
Radiographic images (i) and (ii) represent osteolysis in mice
injected with MDA-MB-435-vector control cells. Images
(iii) and (iv) represent absence of evidence of osteolysis in
mice injected with MDA-MB-435-KO1 (silenced for GLI1)
cells. Cells were injected via the intracardiac route. (C)
Interfering with Hh signaling decreases with the ability of
tumor cells to induce osteoclast differentiation. Relative to
DM, the conditioned medium from the MDA-MB-435 cells
causes the development of significantly increased numbers
of TRAP-positive multinucleate osteoclasts (7p=0.0004).
There was a significant reduction in this ability following
interference with Hh signaling in the tumor cells with
cyclopamine treatment ("p<0.0001) or silencing GLI1
("p<0.0001). Silencing OPN from the tumor cells also
significantly reduced ("p=0.001) their ability to elicit osteo-
clast differentiation. Osteoclast differentiation was scored
using the TRAP assay following the manufacturer’s protocol
(Sigma). (D) Interfering with Hh signaling decreases with
the ability of tumor cells to enhance resorptive activity of
osteoclasts. Conditioned medium from the MDA-MB-435
cells significantly enhances (\p=0.006) the ability of DM to
induce resorptive activity of osteoclasts. Cyclopamine treat-
ment ("p=0.007) or GLIl1-silencing ("p=0.016) or OPN-
silencing ("p=0.03) of the tumor cells significantly reduced
their ability to activate the resorptive function of osteoblasts.
The ability of the osteoclasts to resorb bone matrix was
tested using osteoclast activity assay (OAAS plates, Osteo-
genic Core Technologies).

FIG. 77 shows Western blots comparing cisplatin sensi-
tive A2780 human ovarian cancer cells, and cisplatin resis-
tant A2780-CP70 human ovarian cancer cells. T=0, is the
assessment before transfection of an anti-Glil shRNA. T=24
hrs, is the assessment twenty-four hours after cells were
transfected. In panels A and B, three proteins are compared:
Glil, Gli2, and c-jun. In panels C and D, comparisons are
made for Glil, Sonic hedgehog (Shh), and Indian hedgehog
(Ihh). GAPDH is the control protein in all experiments.

FIG. 78 shows RT-PCR mRNA gels (panel A) and West-
ern blots (panel B) assessing mRNA levels and protein
levels, respectively, for c-jun. A2780-CP70 cells were
assayed for c-jun after transfection with anti-Glil shRNA,
over a 72 hour time frame. Control non-treated A2780-CP70
cells are side-by-side with shRNA treated cells, at each time
point. Compared to control cells that are in monolayer log
growth phase, treatment with anti-Glil shRNA resulted in
no significant change in c-jun message at either the mRNA
or protein levels.

FIG. 79 shows phosphorylation patterns of c-jun, follow-
ing an IC50 dose of cisplatin (panel A), or anti-Glil shRNA
(panel B). Studies were performed in A2780-CP70 cells. In
response to cisplatin (panel A), c-jun phosphorylation
increases specifically at Ser63 and Ser73, with a peak at 6
hours. Levels of phosphorylation at Thr91/93 do not change
significantly after cisplatin treatment. After treatment with
anti-Glil shRNA (panel B), phosphorylation at Ser63 did
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not occur, and the phosphorylation at Ser73 was delayed as
compared to cisplatin. Increased phosphorylation at Thr91/
93 was observed after anti-Glil shRNA treatment. Alpha-
tubulin was the control in panels A and B.

FIG. 80 shows RT-PCR mRNA gels (panel A) and West-
ern blots (panel B) are shown assessing mRNA levels and
protein levels, respectively, for ERCC1, XPD, and XRCCI1.
A2780-CP70 cells were pretreated with anti-Glil shRNA,
followed by an IC50 dose of cisplatin. Time O is immedi-
ately after the 1 hour cisplatin dose. During the 72 hour
period of observation, there was no substantive increase in
the levels of mRNA or protein, for any of the three genes
assayed.

FIG. 81 shows Western blots for the phosphorylation
patterns of c-jun, after A2780-CP70 cells were treated with
an IC50 dose of cyclopamine, a pharmacologic inhibitor of
Smoothened. Like what was seen with the anti-Glil shRNA;
no phosphorylation occurred at Ser63, phosphorylation at
Ser73 was delayed as compared to cisplatin, and phospho-
rylation at Thr91/93 was observed.

FIG. 82 shows cellular killing curves for A2780-CP70
cells, for cisplatin, fewer than two different sets of condi-
tions. In panel A, cells were pretreated with lipofectamine
only (controls), or with anti-Glil shRNA at two different
doses. The lipofectamine only control showed a cisplatin
1C50 of 30 uM (squares). With the lower shRNA dose, the
1C50 was shifted to 12 uM (upright triangles); and with the
higher shRNA dose, the IC50 is 5 uM (inverted triangles). In
panel B, cells were pretreated with DMSO only (diamonds);
or pretreated with cyclopamine in DMSO (squares). Pre-
treatment of these cells with cyclopamine, did not alter the
1C50 dose of cisplatin in these cells.

FIG. 83 shows data for platinum-DNA adduct levels in
A2780-CP70 cells when pretreated for 24 hours with either
anti-Glil shRNA, or scrambled shRNA control. Panel A
shows numerical data. Panel B shows graphically, the sum-
mary data from the table in panel A. Panel C, shows the data
from the table, represented a percent repair at 12 hours.
Panel D shows graphically, the actual amounts of platinum-
DNA adduct repaired over the 12 hour period, in these two
settings.

FIG. 84 shows a schematic representation of Glil, c-jun,
and ERCC1 pathways. In A, Glil mediates upregulation of
c-jun, which participates in upregulation of ERCCI1. In B,
when Glil is inhibited by an anti-Glil shRNA, c-jun is not
upregulated, and ERCCI1 cannot be upregulated.

FIG. 85 is a schematic diagram of Glil isoforms.

FIG. 86 is a schematic diagram showing putative binding
sites for anti-Glil or anti-Gli2 antibodies.

FIG. 87 is a series of Western and Southwestern blots
(SWB) with A2780-CP70 nuclear lysates probed using three
Glil antibodies, and three Gli2 antibodies. The SWBs was
probed with c-jun (Panel A), or c-fos (Panel B).

FIG. 88 is a photograph of a gel from an EMSA demon-
strating Glil binding to the c-jun promoter and c-fos pro-
moter.

FIG. 89 is a photograph of a gel from an EMSA demon-
strating interference of Glil binding to the c-jun promoter by
anti-Glil antibodies.

FIG. 90 is a photograph of a gel from an EMSA demon-
strating interference of Glil binding to the c-jun promoter
using unlabelled Glil protein or using a Glil consensus
sequence.

FIG. 91, panel A is a schematic diagram of an expression
vector with full-length Gli fused with a C-terminal myc tag.
Panel B is a Western blot of A2780-CP70 protein lysate and
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the myc immunoprecipitation and probed with the Glil
antibody #3. Panel C is a Southwestern blot using a myc tag
immunoprecipitate.

FIG. 92 panel A depicts expression of Glil (160 kDa) and
Glil (130 kDa) isoforms in various cells lines. FIG. 92,
panel B depicts expression of Glil (130 kDa) isoform in
ovarian cancer patients and normal tissue.

FIG. 93 shows a graph of the relative expression of the
130 kDa Glil isoform in ovarian cancer cells and non-cancer
ovarian cells.

FIG. 94 shows a graph of results of atomic absorption
spectroscopy with total cellular platinum per 10° cells vs.
platinum/ug DNA. B represent the “scrambled shRNA
control”, zero hrs and 12 hrs later; 4 represent the “fugene
control”, zero hrs and 12 hrs later; A represent the “anti-Glil
shRNA treated cells”, zero hrs and 12 hrs later.

DETAILED DESCRIPTION

Some embodiments of the present invention relate to
methods and compositions for treating disorders relating to
increased activity of the Hedgehog pathway. Some embodi-
ments include methods and compositions for modulating the
activity of the Hedgehog pathway. Additional methods and
compositions relate to treating neoplastic cells and cancer.

The Hedgehog pathway has a central role in developmen-
tal patterning (ontogeny), in the maintenance of stem or
progenitor cells in many adult tissues, and has been dem-
onstrated to be active in multiple cancer types. Active
Hedgehog signaling is also reported to influence the tumor
stromal microenvironment and support stem cells in the
tumor in an undifferentiated, proliferative state.

Hedgehog signaling in mammalian cells is mediated by
the GLI family of zinc finger transcription factors compris-
ing GLI1, GLI2, and GLI3. GLI1 is a strong transcriptional
activator; GLI2 has both activator and repressor functions;
and GLI3 is mostly a repressor. In the Hedgehog ligand-
dependent pathway, in the absence of the ligand, Desert
hedgehog (DHH), Indian hedgehog (IHH), or Sonic hedge-
hog (SHH), the Hedgehog signaling pathway is inactive,
GLI1 is sequestered in the cytoplasm and repressed for its
transcription activity. Binding the Hedgehog ligands to the
receptor patched-1 or patched-2 (PTCHI1 or -2) changes the
GLI code: the transmembrane protein, Smoothened (Smo) is
activated, and GLI1 is activated by release from a large
protein complex and translocates to the nucleus to function
as a transcriptional activator (Ingham, P. W., et al. (2001)
Genes Dev. 15, 3059-3087; FIG. 1).

GLI1 is encoded by two alternatively spliced transcripts
which give rise to at least five different protein isoforms,
some of which exist in more than one form. As used herein
the term “GLI1 protein” includes all of these isoforms,
including the isoforms listed in Table 4 below. As used
herein the term “nucleic acid encoding GLI1” includes
nucleic acids encoding all of the GLI1 isoforms, including
the isoforms listed in Table 4 below.

Signaling via the Hedgehog pathway plays a determina-
tive role in the development of the dorsal brain, near the sites
of origin of melanogenic precursors. The Hedgehog path-
way is required for normal proliferation of human melano-
cytes in vitro and for proliferation and survival of human
melanoma in vivo. Activation of Hedgehog signaling results
in transcriptional activation of the expression of several
genes including insulin-like growth factor-binding protein,
cyclin D2, and osteopontin (OPN).

Expression of GLI1 and OPN increase progressively with
the progression of melanoma from primary cutaneous cancer
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to metastatic melanoma in clinically derived specimens.
OPN is a direct transcriptional target of GLI1. OPN expres-
sion is stimulated in the presence of Hedgehog ligands and
inhibited in the presence of the Smo inhibitor, cyclopamine.
Transcriptional silencing of GLI1 negatively impacts OPN
expression and compromises the ability of cancer cells to
proliferate, migrate, and invade in vitro and interferes with
their ability to grow as xenografts and spontaneously metas-
tasize in nude mice. These altered attributes can be rescued
by re-expressing OPN in the GLI1-silenced cells, suggesting
that OPN is a critical downstream effector of active GLI1
signaling. These findings suggest that the GLI1-mediated
upregulation of OPN promotes malignant behavior of cancer
cells. Expression levels of GLI1 and OPN are significantly
elevated in surgically excised metastatic melanoma speci-
mens compared with surgically obtained basal and
squamous cell carcinomas and primary melanoma samples.
The Hedgehog pathway acts via OPN to regulate malignant
behavior of cancer cells. Thus, there exists a clinically
relevant relationship between OPN and Hedgehog signaling.

Embodiments of the present invention relate to the finding
that reducing the expression of GLI1 reduces the metastatic
potential of particular cells. Some embodiments of the
present invention relate to methods and compositions for
reducing the expression level of GLI1 protein or the expres-
sion level of a nucleic acid encoding GLI1 in a cell or a
subject. Some such methods and compositions can be useful
to kill or retard the growth of neoplastic cells. More such
methods can be useful to treat a disorder in a subject in
which the disorder is related to an increase in the activity of
the Hedgehog pathway. Such disorders can include cancer,
for example, ovarian cancer and breast cancer.

More embodiments include methods and compositions
for increasing the sensitivity of cells to therapeutic com-
pounds. Such methods can be useful to reduce the dosage of
a therapeutic agent to treat a subject. For example, some
methods and compositions provided herein can be used to
increase the sensitivity of cells to chemotherapeutic com-
pounds. In some such methods, the effective amount of a
chemotherapeutic compound to treat a subject can be
reduced.

The role of the Hedgehog pathway has been documented
in several cancer histotypes (e.g., Watkins, D. N, et al.
(2003) Nature 422, 313-317). The activities of this pathway
have been attributed to several mediators, such as platelet-
derived growth factor (Xie, J., et al. (2001) Proc. Natl. Acad.
Sci. U.S.A. 98, 9255-9259), fibroblast growth factor (Sun,
X., et al. (2000) Nat. Genet. 25, 83-86), bone morphogenic
protein (Yu, I., et al. (2002) Development 129, 5301-5312),
Notch (Hallahan, A. R., et al. (2004) Cancer Res. 64,
7794-7800), and Wnt (Madison, B. B, et al. (2005) Devel-
opment 132, 279-289), which have been identified as
Hedgehog target genes in various models. However, few
universal target genes have been identified across different
systems and much work still needs to be done to determine
how Hedgehog overexpression contributes to tumorigenesis.

Studies provided herein indicate that signaling via the
Hedgehog pathway can transcriptionally up-regulate OPN,
an oncogene that has been widely reported to promote
tumorigenesis, tumor progression, and metastasis in several
cancer types. The regulation of OPN by the transcription
factor GLI1 is integral to the malignant behavior of cancer
cells as evidenced by the impaired ability of tumor cells to
migrate, invade, and grow in vivo as xenografts when
endogenous GLI1 expression is silenced. OPN is a secreted
protein that influences multiple downstream signaling
events that allows cancer cells to resist apoptosis, invade
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through extracellular matrix, evade host immunity
(Bellahce’ne, A., et al. (2008) Nat. Rev. Cancer 8, 212-226),
and influence growth of indolent tumors (McAllister, S. S.,
et al. (2008) Cell 133, 994-1005). OPN induces integrin and
CD44-mediated migration via hepatocyte growth factor, its
receptor, Met, and epidermal growth factor and enhances the
invasive ability of cells by inducing the expression of
proteases such as MT1-matrix metalloproteinase, matrix
metalloproteinase-2, and urokinase plasminogen activator
(Tuck, A. B., et al. (2003) Oncogene 22, 1198-1205).
Clinically, OPN expression is up-regulated in several malig-
nancies including breast cancer, melanoma, prostate cancer,
colorectal cancer, and head and neck cancer (Coppola, D., et
al. (2004) Clin. Cancer Res. 10, 184-190). OPN constitutes
a component of the secretome of several melanoma-derived
cell lines and is expressed in metastatic breast cancer cell
lines (Riker, A. 1., et al. (2008) BMC Med. Genomics 1, 13).
Studies have reported an increase in levels of OPN in
melanoma-derived cell lines (Rangaswami, H., et al. (2007)
Oncol. Rep. 18, 909-915).

Expression of OPN is 13-fold higher when comparing
thin melanomas to metastatic melanomas. Expression of
GLI1 increases notably as cutaneous cancer progresses from
a stage of melanoma in situ to intermediate and thick
melanoma to metastatic melanoma. The increase in GLI1
expression is paralleled by an increase in OPN levels.
Overall, such observations underscore the role of enhanced
Hedgehog signaling via increased GLI1 transcriptional
activity in potentiating the malignant behavior of melanoma
cells and contributing to disease progression.

The Hedgehog pathway is aberrantly active in several
cancer types, including breast cancer and melanoma (Xuan,
et al. (2009) J. Cancer Res. Clin. Oncol. 135, 235-240).
Hedgehog pathway components were detected in nevi,
melanoma, and lymph node metastases of melanoma
(Stecca, B., et al. (2007) Proc. Natl. Acad. Sci. U.S.A. 104,
5895-5900). Overexpression of GLI1 induced the expres-
sion of Snail, whereas blockade of Hedgehog signaling by
the inhibitor cyclopamine suppressed pancreatic cancer
invasion and metastasis by inhibiting EMT (Li, X., Deng, et
al. (2007) Oncogene 26, 4489-4498). Experiments described
herein are consistent with such findings in view of the
observation of a loss of mesenchymal markers by abrogating
GLI1 expression. EMT-related genes (N-cadherin, OPN,
and osteonectin) have been reported to contribute to the
promotion of the metastatic phenotype in primary cutaneous
malignant melanomas by supporting specific adhesive, inva-
sive, and migratory properties (Alonso, S. R., et al. (2007)
Cancer Res. 67, 3450-3460). Moreover, these findings sup-
port observations provided herein showing that GLI1 silenc-
ing attenuates malignancy-associated attributes, such as
invasion, migration, and motility. Results provided herein
show that GLI1 silencing retards the tumor (xenograft) rate
in the early phase. In the experiments described herein, after
day 11 post-injection, the growth of GLI1-silenced tumors
proceeded at the same rate as that of controls. This data has
multiple implications, for example, it is likely that over time,
a revertant population outgrew the GLI1-silenced cells.
These revertants may have either lost the effects of RNA
interference or may have by-passed the requirement for
GLI1 signaling. In this case, the cells may have utilized
other signaling pathways to up-regulate OPN. In addition,
trace levels of OPN secreted by GLI1-silenced cells (FIG.
6A) can accumulate in the local microenvironment from the
growing tumor and may have stimulated cell growth. Over-
all, GLI1 silencing had a pronounced effect on tumor
malignancy in vivo by reducing metastasis.
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The MDA-MB-435 cell line was used as a model as it
produces abundant levels of OPN (Samant, R. S., et al.
(2007) Mol. Cancer 6:6). This model system, which endog-
enously expresses high levels of OPN, supports a role for the
Hedgehog pathway in regulating malignant cell behavior.
Moreover, findings provided herein can have implications
on multiple cancer histotypes that overexpress OPN (Brown,
L. F, et al. (1994) Am. J. Pathol. 145, 610-623).

Hedgehog ligands and OPN, the signaling intermediate of
the active Hedgehog pathway, are secreted molecules. This
allows them to influence the behavior of cells in the tumor
microenvironment. OPN has been documented to influence
the behavior of cells in a paracrine manner. Although serum
OPN influences the migratory behavior of melanoma cells
and tumor-derived OPN inhibits nitric-oxide synthase activ-
ity of macrophages, OPN produced by fibroblasts is able to
influence growth of pre-neoplastic cells (Hayashi, C., et al.
(2007) J. Cell. Biochem. 101, 979-986). Thus, active Hedge-
hog signaling in a subset of cancer cells can potentially be
amplified by secretion of OPN into the tumor microenvi-
ronment. The secreted OPN, in turn, can promote malignant
behavior in neighboring cancer cells, regardless of the status
of the Hedgehog pathway.

In addition, whereas OPN is capable of long-range sig-
naling, the secreted Hedgehog ligand proteins participate in
short-range signaling and can move many cell diameters
from their source of production and often control develop-
mental outcomes in a concentration-dependent manner. For
example, during ventral spinal cord patterning, SHH forms
a ventral-to-dorsal gradient with different concentrations
specifying distinct pools of neural progenitors (Stamataki,
D., et al. (2005) Genes Dev. 19, 626-641). It is likely that
such a situation also prevails in a tumor; in which case, the
Hedgehog ligands produced by a subpopulation of cells
within a tumor can trigger activation of the pathway in the
recipient cell.

Hedgehog Pathway and Bone Metastasis

Levels of OPN are significantly elevated in the tumors
and plasma of patients with metastatic breast cancer and are
notably associated with decreased patient survival (Cook, A.
C., et al. (2005). Mol Carcinog 43, 225-236). Tumor cells
upregulate OPN synthesis and secretion by osteoblasts and
cause pathologic activation of osteoclasts, resulting in a net
loss of bone (Nemoto H, R. S., et al. (2001). J Bone Miner
Res 16, 652-659). Thus, OPN enhances metastasis of breast
cancer to bone. OPN is a transcriptional target of Glil. Glil
is a transcription factor of the Hedgehog pathway that
activates transcription of Hedgehog-target genes. The
Hedgehog pathway is activated in a variety of cancer types,
thus making it a putative therapeutic target.

Hedgehog Pathway and Osteoclastogenesis and Osteolysis

Breast cancer cells preferentially metastasize to the bone.
Once within bone, an interaction ensues between breast
cancer cells and the cells within the bone microenvironment.
Breast cancer cells secrete various factors that stimulate
osteoblasts and osteoclasts and other cells within the bone;
these in turn secrete factors that stimulate the tumor cells,
creating a vicious cycle that nurtures the development and
propagation of bone metastases. OPN forms a component of
a “bonemetastasis signature” of breast cancer cells i.e.,
breast cancer cells that metastasized to bone had increased
OPN expression. Furthermore, OPN functionally enhanced
incidence of bone metastases by breast cancer cells in
concert with interleukin-11. OPN is one of the abundant
non-collagenous proteins in bone. It is a bone matrix protein
that promotes osteoclast function and is consistently over-
expressed in highly metastatic cells. Ultrastructural immu-
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nocytochemical studies show that the most prominent accu-
mulation of OPN is seen at cement lines in remodeling bone,
and at laminae limitantes at bone surfaces. It is localized to
cell-matrix and matrix-matrix interfaces in mineralized tis-
sue, where it is deposited as the result of osteoclast action.
Moreover, OPN appears to be an important component in the
communication between osteoclasts and osteoblasts, and
there is strong evidence for the involvement of OPN in the
formation, migration and attachment of osteoclasts and in
their resorptive activity. Importantly, interfering with the
adhesion of osteoclasts to osteopontin by RGD-peptides
abolishes their resorptive activity.

Nearly 42% of primary breast tumors express moderate to
strong levels of OPN and 83% of bone metastases resulting
from these tumors express OPN. OPN expression, specifi-
cally within the tumor cells, reciprocally correlates with
patient survival. Clinical studies have revealed a correlation
between plasma OPN, tumor burden and prognosis in
patients with breast cancer metastasis. The levels of OPN in
plasma of patients with breast cancer are significantly higher
in those with bone metastasis compared to those who do not
have bone metastasis. Moreover, the level of OPN increases
with progression of the disease. Among these women, those
with highest levels of OPN (more than 2000 png/ml) show
poor survival compared to those with OPN levels between
1000-1500 pg/ml. Whether the circulating OPN impacts
‘homing’ of breast cancer cells to bone is still not known.
Functionally, OPN expression is vital to the tumorigenic
ability of cells. Expression of OPN in OPN-negative breast
cancer cells increases their adhesion to bone marrow cells
and OPN knock-out mice display significantly lower inci-
dence of bone metastases. In bone, tumor derived OPN plays
a vital role in the establishment of vasculature by mediating
adhesion to endothelial cells, co-operating with VEGF, and
preventing apoptosis of the endothelial cells.

Expression of OPN is regulated, in part, by the Hedgehog
(Hh) pathway. The Hh pathway has been reported to be
aberrantly activated in breast cancer. In the absence of the
ligand, Desert hedgehog (DHH) or Indian hedgehog (IHH)
or Sonic hedgehog (SHH), the Hh signaling pathway is
inactive. Ligand molecules bind to the receptor Patched
(PTCH) thereby alleviating PTCH-mediated suppression of
smoothened (SMOH), leading to activation of the pathway
through the transcription of target genes mediated by the
GLI transcription factors. As described herein, breast cancer
cells express Hh ligands. These ligands can mediate a
crosstalk directly with osteoclasts and activate expression of
OPN in the osteoclasts; this promotes osteoclast maturation
and resorptive activity. As such, breast cancer cells can
directly influence osteoclast development and activity.
Hedgehog Pathway and Resistance to Chemotherapy

Cells may develop resistance to a range of chemothera-
peutic compounds by reverting to a stem cell-like state. The
Hedgehog pathway including genes such as GLI1 play a role
in the development and maintenance of a stem cell-like
phenotype (Peacock C D, et al. Proc Natl Acad Sci USA
104:4048-4053, 2007). Work on the proximal molecular
causes of cellular and clinical resistance to platinum com-
pounds has focused on DNA damage and repair, the nucleo-
tide excision repair (NER) pathway, and ERCCI1.
Nucleotide Excision Repair

More than 30 genes are involved in the NER process,
which includes activities such as DNA damage recognition,
helicase functions of XPB and XPD, damage excision, and
gap-filling and ligation (Reed, E. Cisplatin and platinum
analogs. in: Cancer Principles and Practice of Oncology; 8th
Edition. Lippincott, Williams, and Wilkins; Philadelphia, pp
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419-26, 2008). Understanding the molecular and pharma-
cologic control of NER, allows development of new plati-
num anticancer agents, and non-platinum agents that dam-
age DNA and/or modulate DNA repair.

In NER, the DNA damage excision step is rate-limiting to
the process, where the last sub-step is the 5' incision into the
DNA strand, relative to the site of covalent damage. This 5'
incision occurs after the 3'—=5' and 5'—3' helicase functions
of the repairosome, and after the 3' incision. The 5' incision
is executed by the ERCC1-XPF heterodimer.

ERCC1

ERCC1 is highly conserved across organisms (Xu H, et al.
The Plant Journal 13:823-829, 1998). The E. co/i homologue
is UvrC, which performs the 5' incision during the conduct
of the NER process. Exon VIII of ERCC1 has high homol-
ogy with uvrC of E coli (Lin J-I, et al. J Biol Chem
267:17688-17692, 1992). In E. coli, the uvrABC protein
complex executes NER-types of DNA repair. Within the E.
coli complex, uvrC executes the 5' and the 3' DNA strand-
cutting steps that excise platinum-DNA damage (Verhoeven
E E A, et al. J Biol Chem 275:5120-5123, 2000). In
mammalian NER, exon VIII of ERCC1 may serve the same
DNA-strand cutting function as uvrC in E. coli. An alter-
natively spliced form of ERCCI1 exists in human malignant
and non-malignant tissues, which lacks exon VIII. This
alternatively spliced variant of ERCC1 may possibly have
an inhibitory role for NER, in human cells. These NER
activities appear to be distinct from the ERCC1 roles in
double strand break repair (Ahmad A, et al. Mol Cell Biol
28:5082-5092, 2008).

Some studies have utilized paired Chinese hamster ovary
(CHO) cells having functional ERCC1 or non-functional
ERCCI1 (Lee, K. B., et al. Carcinogenesis, 14:2177-2180,
1993). CHO cells lacking a functional ERCC1 (43:3B cells)
were super-sensitive to IC50 doses of cisplatin, and showed
no detectable ability to repair cisplatin-DNA adduct. In
CHO cells having a functional ERCC1 (83:J5 cells), cispla-
tin-DNA adduct repair capability was intact and there was an
increased level of cellular resistance to cisplatin.

ERCC1 is biomarker for the overall activity of NER in
human cell lines and tissues (Reed E. New Eng J. Med
355:1054-1055, 2006; Reed E. Clinical Cancer Research,
11:6100-6102, 2005). Non-functionality of ERCC1 results
in a severe DNA repair deficit phenotype, in vitro or in vivo.

In NER, the ERCC1-XPF heterodimer executes the 5'
incision into the DNA strand, freeing the DNA segment that
has covalent bulky DNA damage (Ahmad A, et al. Mol Cell
Biol 28:5082-5092, 2008). The ERCCI1-XPF heterodimer
also plays a role in drug-cross-link induced double-strand
break repair, via an end joining mechanism that is Ku86-
independent. Detailed structure-function analyses of both
proteins show that XPF is a scaffold protein (Al-Minawi A
Z, et al. Nucleic Acids Res 27 Aug. 2009).

Cisplatin damages DNA by inducing double strand
breaks, single strand breaks, platinum-DNA adducts, and
DNA-platinum-protein adducts. ERCC1 plays a role in
cellular resistance to cisplatin including excision of plati-
num-DNA damage from cellular DNA, and repair of double-
strand breaks (Altaha R et al. Int J] Mol Med, 14:959-970,
2004).

In human ovarian cancer tissues, high levels of ERCC1
mRNA have been observed in tissues from patients that were
clinically resistant to platinum therapy; and low levels of
ERCC1 mRNA have been observed in tissues from patients
that were clinically sensitive to platinum therapy (Dabhol-
kar, M., et al. J Nat’l Cancer Inst, 84:1512-1517, 1992).
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In human ovarian cancer cells, ERCC1 is up-regulated
from 1 hr treatment with cisplatin (Li Q, et al. J Biol Chem,
273:23419-23425, 1998). Subsequent to treating cells with
IC50 dose of cisplatin, A2780-CP70 human ovarian cancer
cells increase expression of mRNA and protein for c-jun and
c-fos, with mRNA levels peaking at 1-2 hr and c-jun protein
levels peaking at 3-5 hr after treatment. Phosphorylation of
c-jun protein has been observed to be greatly enhanced at 1
hr after cisplatin treatment, and peaks at 15-fold over
baseline at 3-5 hr after cisplatin treatment. Phosphorylation
activates c-jun protein, which in turn activates AP1, which
leads to increased transcription of ERCC1. ERCC1 mRNA
levels peak levels at 3-4 hr. ERCCI protein levels begin to
rise within 1 hr, and peak at 24 hr.

In cisplatin-treated cells, ERCC1 mRNA degrades with a
half-life of 24 hr, in contrast to a half-life of 14 hr in
untreated cells. This suggests mechanisms that are activated
in response to DNA damage that prolong the period during
which ERCC1 may be active.

More studies suggest that ERCC1 up-regulation through
AP1 may occur through the JINK/SAPK pathway, or the
ERK pathway (Li Q, et al. Cellular and Molecular Life
Sciences, 55:456-466, 1999). The ERK pathway can be
activated by cell exposure to phorbol ester.

Modulating expression levels of ERCC1 may modulate
DNA repair activities in a cell, and alter cellular sensitivity
to agents that affect DNA repair, such as cisplatin. In one
study, a dominant negative AdA-FOS construct to inhibit
AP1 binding was transfected into the human ovarian cell
line, A2780-CP70, prior to cisplatin exposure (Li Q, et al.
Effect of interleukin-1 and tumor necrosis factor on cispla-
tin-induced ERCC1 mRNA expression in a human ovarian
carcinoma cell line. Anticancer Research, 18: 2283-2287,
1998). ERCC1 up-regulation was severely blunted after
cisplatin exposure, platinum-DNA adduct repair was
severely reduced, and cells were several-fold more sensitive
to cisplatin treatment. A series of compounds were assessed
for their ability to blunt ERCC1 up-regulation. All agents
that blunted ERCC1 up-regulation, also inhibited platinum-
DNA adduct repair and enhanced sensitivity to cisplatin. The
following compounds blunted ERCC1 up-regulation: heavy
metals including platinum, chromium; cycloheximide;
a-amanitin; actinomycin D; interleukin 1-a; lactacystin;
N-acetyl-leucyl-leucyl-norleucinal; SU5416; cyclosporin A;
and herbimycin A.

The ERCC1 gene is alternatively spliced. One splice
variant lacks exon VIII, an exon which has high homology
to uvrC in E. coli. The occurrence of the variant lacking exon
VIII, correlates to a decrease in the ability of cells to repair
platinum-DNA adduct, namely, the higher the percent alter-
natively spliced ERCC1, the lower the DNA adduct repair
capability. Another splice variant of ERCC1 mRNA
involves the 5' UTR, and may involve transcriptional regu-
lation by the gene RFX1 (Yu J J, et al. Oncogene, 20:7694-
7698, 2001).

A specific polymorphism at codon 118 of the NER gene
ERCCI in exon IV may be clinically relevant (Yu J J, et al.
International Journal of Oncology, 16:555-560, 2000). This
polymorphism is associated with reduced mRNA expression
of the gene, reduced protein expression, reduced platinum-
DNA adduct repair, enhanced cellular sensitivity to cispla-
tin, and more favorable clinical outcomes from platinum-
based chemotherapy in patients with cancers including
ovarian cancer, lung cancer, and colorectal cancer.

Loss of heterozygosity may occur in some ovarian cancer
cells and tissues for the 19q region that contains ERCC1
(Yu, J J, et al. Cancer Letters, 151:127-132, 2000). This has
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also been observed in malignant gliomas, with changes in
gene copy number for ERCC1 and for XPD (Liang, B. C.,
et al. J Neuro Oncol, 26:17-23, 1995). These changes do not
appear to correlate with alterations in mRNA or protein
expression of these genes, or with observed clinical out-
comes. Indeed, variations in XPA mRNA expression have
been observed in the absence of mutations or changes in
gene copy number (States, J. C. et al. Cancer Letters,
108:233-237, 1996).

Coordinate Expression of NER Genes in Human Ovarian
Cancer Tissues

ERCC1, XPA, XPB, and XPD of the NER repairosome
appear to be coordinately up-regulated and down-regulated
in tissues such as human ovarian cancer, non-malignant
bone marrow, and human brain (e.g., Dabholkar, M., et al. J
Clin Invest, 94:703-708, 1994).

In a study using human ovarian cancer, genes of the NER
pathway including ERCC1, XPA, XPB, and CSB were
examined, along with the genes, MDR1 and MT-II. The
NER genes were up-regulated in platinum-resistant tissues
together in the absence of upregulation of MDR1 and of
MT-II. Tissues that responded to chemotherapy, namely,
platinum-sensitive tissues, consistently showed low level
expression of these NER genes. In another study, human
ovarian cancer tumors were examined for coordinate mRNA
expression of ERCC1, XPB, and XPD. Five different his-
tological types were investigated: clear cell, endometriod,
serous, mucinous, and undifferentiated tumors. Clear cell
tumors of the ovary are known for being particularly
chemoresistant. In this study, clear cell tumors had consis-
tently higher mRNA levels of ERCC1, XPB, and XPD, and
the degree of coordinate expression was statistically signifi-
cantly greater in clear cell tumors, than in any of the other
histologies.

In another study, evidence of coordinate expression of
NER genes was investigated in human brain tissues using
malignant, and adjacent non-malignant specimens. In high
grade gliomas, there was strong coordinate mRNA expres-
sion of ERCC1 and XPA, as assessed by linear regression
analysis. When malignant and non-malignant glial tissues
were assayed from the same patients, there was poor coor-
dinate expression of ERCC1 mRNA. This suggests that
during the conversion of cells from the normal to the
malignant state, ERCC1 is altered and possibly all of NER
is altered. This type of circumstance has been confirmed
using different DNA repair genes in an examination of direct
reversal of DNA damage caused by methylating agents.

In sum, genes in the NER pathway seem to display several
common essential characteristics in human malignant tis-
sues that have some degree of clinical sensitivity to cisplatin
and other platinum analogues. For example, higher levels of
expression of mRNA and of protein are seen in platinum-
resistant tissues, as compared to platinum-sensitive tissues.
In addition, the degree to which NER is tightly coordinated
between the various genes involved in the process, contrib-
utes to that tissue’s ability to repair platinum-DNA damage
and resist platinum-based therapy.

Base Excision Repair

The base excision repair pathway is an evolutionarily
conserved mechanism for repair of several types of DNA
lesions, including oxidative lesions, alkylation, and incor-
poration of inappropriate bases (Hegde, M. L., et al. (2008)
Cell Res. 18, 27-47). The primary source of these lesions is
reactive oxygen species, whether generated endogenously or
due to genotoxic agents. The base excision repair pathway
functions to maintain genomic integrity via a high fidelity
repair process and is thus anti-mutagenic and anti-carcino-

10

15

20

25

30

35

40

45

50

55

60

65

38

genic (D’Errico, M., et al. (2008) Mutat Res. 659, 4-14).
This pathway usually has four or five enzymatic steps,
involving a DNA glycosylase, such as OGG1 or NTH1, an
AP endonuclease (REF1/APEL), a DNA polymerase, such
as POLB and POLD, and a DNA ligase (LIG1 or LIG3)
(Mitra, S., et al. (1997) Mol Cells. 7, 305-312). DNA
glycosylases such as OGG1 and NTHI, recognize specific
subsets of damaged bases, excise the damaged base, and
may also incise at the site of the excised base due to an
intrinsic lyase activity. REF1/APE1 (an example of a mam-
malian AP endonuclease) then cleaves the abasic site to form
a 3-OH end and a 5' deoxyribose phosphate end. The
remaining steps may utilize a “long patch” or “short patch”
pathway involving repair DNA synthesis and strand ligation
by different sets of proteins. The preferred substrates for the
DNA glycosylases OGG1 (8-oxoguanine glycosylase 1) and
NTH1 (homolog of E. coli endonuclease I1I) are 8-oxogua-
nine (8-Ox0G) and thymine glycol (TG) lesions, respec-
tively. REF1/APE1 (redox factor 1/apurinic endonuclease 1)
is a multifunctional enzyme with apurinic/apyrimidinic (AP)
endonuclease activity and 3',5'-exonuclease, 3'-diesterase,
and 3'-phosphatase activities. REF1/APE1 also has tran-
scriptional regulatory activity independently of its function
in base excision repair (Izumi, T., et al. (2003) Toxicology.
193, 43-65; Kelley, M. R., et al. (2001) Antioxid Redox
Signal. 3, 671-683). Finally, the XRCC1 protein (X-ray
repair, cross-complementing defective, in Chinese hamster,
1) associates with several other proteins—polynucleotide
kinase (PNK), DNA polymerase-f (POLB), and DNA ligase
1T (LIG3)—to form a complex that repairs the single-strand
DNA breaks generated during the base excision repair
process.

Cancer Stem Cells and Drug Resistance

Human ovarian cancer cells grown under conditions that
support a subpopulation that grows in spheroids selects for
cells that have a more potent ability to form new indepen-
dent cancers (Zhang S, et al. Cancer Res 68:4311-4320,
2008). As few as 100 spheroid forming cells could form new
independent tumors when transtferred to nude mice, while as
many as 100,000 cells grown in monolayer, were unable to
form independent tumors. The cancer initiating cells (cancer
stem cells) become much more drug resistant to a variety of
agents, including platinum compounds such as cisplatin and
paclitaxel. Such cells may also express a set of molecular
markers that differ from the same cell line, grown in
monolayer, such as CD117, CD44, and Nestin. Cancer
initiating cells have been investigated in other malignancies
including prostate cancer, breast cancer, and lung cancer
(Zietarska M, et al. Molecular Carcinogenesis 46:872-885,
2007; Burleson K et al. Gynecologic Oncology 93: 170-181,
2004; Casey R C, et al. Am J of Pathology 159:2071-2080,
2001).

Ovarian cancer stem cells may be responsible for persis-
tent low volume disease after induction of a clinical com-
plete response. The inability to eradicate such cells may be
a function of cell dormancy, the relative inability of any
chemotherapy to have a meaningful effect on cells in the
dormant state or these cells may represent a state of extreme
drug resistance at the molecular level.

Methods and Compositions to Reduce Activity of the
Hedgehog Pathway

Some embodiments relate to compositions and/or meth-
ods for reducing activity of the Hedgehog pathway. In some
embodiments, the level of GLI1 protein, such as the GLI1-
130 isoform, or the level of a nucleic encoding GLI1, such
as a nucleic acid encoding the GLI1-130 isoform, can be
reduced in the cell of a subject. Methods to reduce the level
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of GLI1 protein, such as the GLI1-130 isoform, or the level
of'a nucleic encoding GLI1, such as a nucleic acid encoding
the GLI1-130 isoform, in a cell or a subject can be useful to
kill or retard the growth of a cell or can be useful to treat or
ameliorate certain disorders in a subject.

In some embodiments, the methods or compositions
described herein result in a decrease of the amounts of GLI1
protein, such as the GLI1-130 isoform, or a nucleic acid
encoding GLI1, such as a nucleic acid encoding the GLI1-
130 isoform, within a cell, such as endogenous GLI1, or an
mRNA encoding GLI1. In some embodiments, the methods
or compositions described herein provide a decrease in GLI1
protein, such as the GLI1-130 isoform, or a decrease in a
nucleic acid encoding GLI1, such as a nucleic acid encoding
the GLI1-130 isoform, within a cell of at least about 10%,
at least about 20%, at least about 30%, at least about 40%,
at least about 50%, at least about 60%, at least about 70%,
at least about 80%, at least about 90%, and at least about
100%.

The level of GLI1 protein, such as the GLI1-130 isoform,
or the level of a nucleic encoding GLI1, such as a nucleic
acid encoding the GLI1-130 isoform, can be reduced using
RNA interference or antisense technologies. RNA interfer-
ence is an efficient process whereby double-stranded RNA
(dsRNA), also referred to herein as siRNAs (small interfer-
ing RNAs) or ds siRNAs (double-stranded small interfering
RNAs), induces the sequence-specific degradation of tar-
geted mRNA in animal or plant cells (Hutvagner, G. et al.
(2002) Curr. Opin. Genet. Dev. 12:225-232); Sharp, P. A.
(2001) Genes Dev. 15:485-490).

In mammalian cells, RNA interference can be triggered by
various molecules, including 21-nucleotide duplexes of
siRNA (Chiu, Y.-L. et al. (2002) Mol. Cell. 10:549-561.
Clackson, T. et al. (1991) Nature 352:624-628; Elbashir, S.
M. et al. (2001) Nature 411:494-498), or by micro-RNAs
(miRNA), functional small-hairpin RNA (shRNA), or other
dsRNAs which can be expressed in vivo using DNA tem-
plates with RNA polymerase III promoters (Zheng, B. J.
(2004) Antivir. Ther. 9:365-374; Paddison, P. J. et al. (2002)
Genes Dev. 16:948-958; Lee, N. S. et al. (2002) Nature
Biotechnol. 20:500-505; Paul, C. P. et al. (2002) Nature
Biotechnol. 20:505-508; Tuschl, T. (2002) Nature Biotech-
nol. 20:446-448; Yu, J.-Y. et al. (2002) Proc. Natl. Acad. Sci.
USA 99(9):6047-6052; McManus, M. T. et al. (2002) RNA
8:842-850; Sui, G. et al. (2002) Proc. Natl. Acad. Sci. USA
99(6):5515-5520, each of which are incorporated herein by
reference in their entirety).

The scientific literature is replete with reports of endog-
enous and exogenous gene expression silencing using
siRNA, highlighting their therapeutic potential (Gupta, S. et
al. (2004) PNAS 101:1927-1932; Takaku, H. (2004) Antivir
Chem. Chemother 15:57-65; Pardridge, W. M. (2004)
Expert Opin. Biol. Ther. 4(7):1103-1113; Shen, W.-G.
(2004) Chin. Med. J. (Engl) 117:1084-1091; Fuchs, U. et al.
(2004) Curr. Mol. Med. 4:507-517; Wadhwa, R. et al. (2004)
Mutat. Res. 567:71-84; Ichim, T. E. et al. (2004) Am. J.
Transplant 4:1227-1236; Jana, S. et al. (2004) Appl. Micro-
biol. Biotechnol. 65:649-657; Ryther, R. C. C. et al. (2005)
Gene Ther. 12:5-11; Chae, S-S. et al. (2004) J. Clin. Invest
114:1082-1089; de Fougerolles, A. et al. (2005) Methods
Enzymol. 392:278-296, each of which is incorporated herein
by reference in its entirety).

Therapeutic silencing of endogenous genes by systemic
administration of siRNAs has been described in the litera-
ture (Kim, B. et al. (2004) American Journal of Pathology
65:2177-2185; Soutschek, J. et al. (2004) Nature 432:173-
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178; Pardridge, W. M. (2004) Expert Opin. Biol. Ther.
4(7):1103-1113, each of which is incorporated herein by
reference in its entirety).

siRNAs induce a sequence-specific reduction in expres-
sion of a gene by the process of RNAi. Thus, siRNA is the
intermediate effector molecule of the RNAi process. Some
nucleic acid molecules or constructs provided herein include
dsRNA molecules comprising 16-30, e.g., 16,17, 18, 19, 20,
21, 22, 23, 24, 25, 26, 27, 28, 29, or 30 nucleotides in each
strand, wherein one of the strands is substantially identical,
e.g., at least 80% (or more, e.g., 85%, 90%, 95%, or 100%)
identical, e.g., having 3, 2, 1, or 0 mismatched nucleotide(s),
to a target region in the mRNA of GLI1 and the other strand
is identical or substantially identical to the first strand.
However, it will be appreciated that the dsRNA molecules
may have any number of nucleotides in each strand which
allows them to reduce the level of GLI1 protein, such as the
GLI1-130 isoform, or the level of a nucleic acid encoding
GLI1. The dsRNA molecules provided herein can be chemi-
cally synthesized, or can be transcribed in vitro from a DNA
template, or in vivo from, e.g., shRNA. The dsRNA mol-
ecules can be designed using any method known in the art.

An example method for designing dsRNA molecules is
provided in the pSUPER RNAi SYSTEM™ (OligoEngine,
Seattle, Wash.). The system provides inducible expression of
a siRN A in a transfected cell. To effect silencing of a specific
gene, a pSUPERIOR vector is used in concert with a pair of
custom oligonucleotides that include a unique 19-nt
sequence derived from the mRNA transcript of the gene
targeted for suppression (the “N-19 target sequence”). The
N-19 target sequence corresponds to the sense strand of the
pSUPER-generated siRNA, which in turn corresponds to a
19-nt sequence within the mRNA. In the mechanism of
RNAI, the antisense strand of the siRNA duplex hybridizes
to this region of the mRNA to mediate cleavage of the
molecule. These forward and reverse oligonucleotides are
annealed and cloned into the vector so that the desired
siRNA duplex can be generated. The sequence of the for-
ward oligonucleotide includes the unique N-19 target in both
sense and antisense orientation, separated by a 9-nt spacer
sequence. The resulting transcript of the recombinant vector
is predicted to fold back on itself to form a 19-base pair
stem-loop structure. The stem-loop precursor transcript is
quickly cleaved in the cell to produce a functional siRNA (T.
R. Brummelkamp, et al, Science 296, 550 (2002)). More
example methods are provided in Taxman D. J. et al. (2006)
BMC Biotechnol. 6:7; and Mclntyre G. J. et al. (2006) BMC
Biotechnol. 6:1, each of which is incorporated by reference
in its entirety.

Nucleic acids provided herein can include both unmodi-
fied siRNAs and modified siRNAs as known in the art. For
example, in some embodiments, siRNA derivatives can
include siRNA having two complementary strands of
nucleic acid, such that the two strands are crosslinked. For
example, a 3' OH terminus of one of the strands can be
modified, or the two strands can be crosslinked and modified
at the 3' OH terminus. The siRNA derivative can contain a
single crosslink (e.g., a psoralen crosslink). In some embodi-
ments, the siRNA derivative has at its 3' terminus a biotin
molecule (e.g., a photocleavable biotin), a peptide (e.g., a
Tat peptide), a nanoparticle, a peptidomimetic, organic com-
pounds (e.g., a dye such as a fluorescent dye), or dendrimer.
Modifying siRNA derivatives in this way can improve
cellular uptake or enhance cellular targeting activities of the
resulting siRNA derivative as compared to the correspond-
ing siRNA, are useful for tracing the siRNA derivative in the
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cell, or improve the stability of the siRNA derivative com-
pared to the corresponding siRNA.

Nucleic acids provided herein can include nucleic acids
that can be unconjugated or can be conjugated to another
moiety, such as a nanoparticle, to enhance a property of the
compositions, e.g., a pharmacokinetic parameter such as
absorption, efficacy, bioavailability, and/or half-life. The
conjugation can be accomplished by methods known in the
art, e.g., using the methods of Lambert, G. et al. (2001) Drug
Deliv. Rev. 47(1): 99-112 (describes nucleic acids loaded to
polyalkylcyanoacrylate (PACA) nanoparticles); Fattal et al.
(1998) J. Control Release 53(1-3): 137-43 (describes nucleic
acids bound to nanoparticles); Schwab et al. (1994) Ann.
Oncol. 5 Suppl. 4:55-58 (describes nucleic acids linked to
intercalating agents, hydrophobic groups, polycations or
PACA nanoparticles); and Godard, G. et al. (1995) Eur. J.
Biochem. 232(2):404-10 (describes nucleic acids linked to
nanoparticles). Because RNALI is believed to progress via at
least one single stranded RNA intermediate, the skilled
artisan will appreciate that ss-siRNAs (e.g., the antisense
strand of a ds-siRNA) can also be designed as described
herein and utilized according to the claimed methodologies.

Synthetic siRNAs can be delivered to cells by methods
known in the art, including cationic liposome transfection
and electroporation. However, these exogenous siRNA gen-
erally show short term persistence of the silencing effect (4
to 5 days in cultured cells), which may be beneficial in
certain embodiments. To obtain longer term suppression of
expression for targeted genes, such as GLI1, and to facilitate
delivery under certain circumstances, one or more siRNA
duplexes, e.g., ds siRNA, can be expressed within cells from
recombinant DNA constructs. Such methods for expressing
siRNA duplexes within cells from recombinant DNA con-
structs to allow longer-term target gene suppression in cells
are known in the art, including mammalian Pol III promoter
systems (e.g., H1 or U6/snRNA promoter systems (Tuschl,
T. (2002) Nature Biotechnol. 20:446-448) capable of
expressing functional double-stranded siRNAs; (Lee, N. S.
et al. (2002) Nature Biotechnol. 20:500-505; Miyagishi, M.
and Taira, K. (2002) Nature Biotechnol. 20:497-500; Paul,
C. P. et al. (2002) Nature Biotechnol. 20:505-508; Yu, J.-Y.
et al. (2002) Proc. Natl. Acad. Sci. USA 99(9):6047-6052;
Sui, G. et al. (2002) Proc. Natl. Acad. Sci. USA 99(6):5515-
5520). Transcriptional termination by RNA Pol III occurs at
runs of four consecutive T residues in the DNA template,
providing a mechanism to end the siRNA transcript at a
specific sequence. The siRNA is complementary to the
sequence of the target gene in 5'-3' and 3'-5' orientations, and
the two strands of the siRNA can be expressed in the same
construct or in separate constructs. Hairpin siRNAs, driven
by an H1 or U6 snRNA promoter can be expressed in cells,
and can inhibit target gene expression. Constructs contain-
ing siRNA sequence(s) under the control of a T7 promoter
also make functional siRNAs when co-transfected into the
cells with a vector expressing T7 RNA polymerase (Jacque
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J.-M. et al. (2002) Nature 418:435-438). A single construct
may contain multiple sequences coding for siRNAs, such as
multiple regions of the GLI1 gene, such as a nucleic acid
encoding the GLI1 mRNA, and can be driven, for example,
by separate Pol III promoter sites.

Nucleic acids provided herein can include micro RNA
(miRNAs) which can regulate gene expression at the post
transcriptional or translational level. One common feature of
miRNAs is that they are all excised from an approximately
70 nucleotide precursor RNA stem-loop, probably by Dicer,
an RNase Ill-type enzyme, or a homolog thereof. By sub-
stituting the stem sequences of the miRNA precursor with
miRNA sequence complementary to the target mRNA, a
vector construct that expresses the novel miRNA can be
used to produce siRNAs to initiate RNAi against specific
mRNA targets in mammalian cells (Zheng, B. I. (2004)
Antivir. Ther. 9:365-374). When expressed by DNA vectors
containing polymerase 11l promoters, micro-RNA designed
hairpins can silence gene expression, such as GLI1 expres-
sion.

Viral-mediated delivery mechanisms can also be used to
induce specific silencing of targeted genes through expres-
sion of siRNA, for example, by generating recombinant
adenoviruses harboring siRNA under RNA Pol II promoter
transcription control (Xia et al. (2002) Nature Biotechnol.
20(10):1006-10). In vitro infection of cells by such recom-
binant adenoviruses allows for diminished endogenous tar-
get gene expression. Injection of recombinant adenovirus
vectors into transgenic mice expressing the target genes of
the siRNA results in in vivo reduction of target gene
expression. In an animal model, whole-embryo electropo-
ration can efficiently deliver synthetic siRNA into post-
implantation mouse embryos (Calegari, F. et al. (2002) Proc.
Natl. Acad. Sci. USA 99(22):14236-40). In adult mice,
efficient delivery of siRNA can be accomplished by the
“high-pressure” delivery technique, a rapid injection (within
5 seconds) of a large volume of siRNA containing solution
into animal via the tail vein (Lewis, D. L. (2002) Nature
Genetics 32:107-108). Nanoparticles, liposomes and other
cationic lipid molecules can also be used to deliver siRNA
into animals. A gel-based agarose/liposome/siRNA formu-
lation is also available (Jiamg, M. et al. (2004) Oligonucle-
otides 14(4):239-48).

Nucleic acids provided herein can include an antisense
nucleic acid sequence selected such that it is complementary
to the entirety of GLI1 or to a portion of GLI1. In some
embodiments, a portion can refer to at least about 1%, at
least about 5%, at least about 10%, at least about 15%, at
least about 20%, at least about 25%, at least about 30%, at
least about 35%, at least about 40%, at least about 45%, at
least about 50%, at least about 55%, at least about 60%, at
least about 65%, at least about 70%, at least about 75%, and
at least about 80%, at least about 85%, at least about 90%,
at least about 95%. In some embodiments, a portion can
refer up to 100%. An example mRNA sequence (SEQ ID
NO:11) of human GLI1 is shown in TABLE 1.

TABLE 1

RefSeq Span/Primary identifier:

1-3482/X07384.1

3483-3483/AC022506.38
3484-3618/BC0O13000.

2

1 cccagactce agecectggac cgegcatcee gagcccageg cccagacaga gtgtecccac

61 accctectet gagacgecat gttcaacteg atgaccccac caccaatcag tagctatgge

121 gagcectget gtetecggece cetecccagt cagggggece ccagtgtggyg gacagaagga
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TABLE 1-continued

181 ctgtctggcee
241 ccagccagag
301 gtcaagttga
361 ctgcagacgg
421 acatctccag
481 ttceccagece
541 ggtccceccatg
601 ccaacttgce
661 ttggaaggtg
721 ctggatgggc
781 actgactgcce
841 cacatcaaca
901 tgctccaggg
961 cacactggcg
1021 ctcgaaaacc
1081 cacgagggct
1141 acccattcca
1201 gatcctaget
1261 aaacggcacc
1321 aagagggagc
1381 gccatgaagc
1441 gcagggagtg
1501 actgaagacc
1561 cttegecgee
1621 cggggtctca
1681 ccececcagtet
1741 gtcagccgcece
1801 gcatcctece
1861 tcagccagag
1921 cttecccatge
1981 gtcacccgga
2041 cagaggttca
2101 aactttgatc
2161 aatgctgcca
2221 ggcagtggtc
2281 cctgaagggg
2341 cctggtccac
2401 cccacccaag
2461 gctctaggtg

2521 aagccagaac

cgcecttety ccaccaaget

agaccaacag ctgcaccgag

ccaagaagcg ggcactgtee

ttatccgcac ctcacccage

gaggctccta cggtcatcte

agatgaatca ccaaaaaggg

actetgecceyg gggtgggatyg

agctgaagtce tgagctggac

atatgtccag ccccaactce

gggaggacct cgagagagag

gttgggatgg ctgcagccag

gecgagecacat ccacggggag

agctgaggece cttcaaagec

agaagccaca caagtgcacg

tgaagacgca cctgcggtca

gcagtaaage cttcagcaat

atgagaagcc gtatgtatgt

cgctgegaaa acatgtcaag

gtggggatgg cccectgect

gggaaggagg tcccatcagg

cacagccaag ccctggggec

cagccaatac agacagtggt

tctecagett ggacgaggga

ttgagaacct caggctggac

aactgcccag cttgtcccac

ctcttgaacyg ccgcagcage

getecteect ggectcetect

tgcctggect tatgectgee

ggggtggtac ttcegeccact

ctcettggag aagccgagec

gggccagtga cccagceccag

agagcctggg ctgtgtecat

cttacctece aacctetgte

tggatgctag agggctacag

tgaaccccta tatggactte

cagcagctga gccttatgga

ccaccaacta tggccccaac

aaacatgggg tgagttccct

gaacctacag ccagtgtcct

aggggtgccc agtggggtct

aacctcatgt

ggcccactet

atctcacctce

tcecctegtag

tccattggea

ccctegectt

atcccacatc

atgetggttyg

acaggcatac

gagaagcgtg

gaatttgact

cggaaggagt

cagtacatgce

tttgaagggt

cacacgggtyg

gccagtgacce

aagctcectyg

acagtgcatg

cgggeaccat

gaggaaagca

cagtcatcct

gtggaaatga

ccttgeattyg

cagctacatc

accggtacca

agcteccagea

ttcecececty

cagcactacc

gcagcatcca

gagtatccag

gcetgetgace

accccacceca

tactcaccac

gaagagccag

ccacctactg

gegaggggte

cectgtecee

tcceactetyg

cgacttgaac

gactccacag

ceggececca

tttecttectec

tgtcggatge

ctttcatcaa

ccatgagecc

cetttggggt

ctcagteceyg

gcaagtgeceg

aggatcccct

agcctgaatce

cccaagagea

tcegtgtgeca

tggtggttca

gceggaagte

agaagccata

gagccaagca

gctgcaccaa

gtcctgacge

ccatttctac

gactgactgt

gcagcagtga

ctggcaatge

ctggcactgg

aactceggec

ctgtgteceyg

gcatcagete

gctecccace

tgctteggge

gcectggateg

gatacaaccc

gtecetgetee

ctgtggcagg

agccececag

aagttgggac

atactctggg

caggctetet

agcaggectc

ggctgtacce

attatggaca

gactggcacc

cagttatggg

ceggagtgea

cagcctggac

ctegegatge

atctctggga

ccagecttgt

gggaccctte

ggaggaacce

gttggggatg

tgtgtatgaa

gctggtgeac

ctgggggggc

catgcgcaga

atactcacgce

catgtgtgag

ccagaategg

acgctataca

ccatgtgacce

agtggageccc

gccagagggt

ccacteeeeyg

agggggceage

tctgtecact

aatagggacc

CCgCgtgggC

tgcctatact

agagaatgga

aagatatget

gataggtggt

caatgcaggg

agctagagtc

dggaggacag

catcactgag

ctccatggtyg

atatggggga

gcectettggy

atatcctgac

aggccccaag

agtgcaagtc

ctgectcaat

44
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2581 gceccaccceca gtgaggggece cccacatcca cagectcectcet

2641 tctectecce aatatctcecca gtcaggcceccce tatacccage

2701 tcagaaccca ggccttgeet ggactttgat tccecccaccce

2761 gctcagcettg tgtgtaatta tgttcaatct caacaggagce

2821 agggaagatg ccccecgecca ggaaccttcece taccagagtce

2881 caggttagcc caagccgtgce taaagctcca gtgaacacat

2941 aacttgccca atcacaagtce aggttcctat cccacccectt

caaatagggc ttcacatagg

3001 gtagtggggg gcagcagcac

3061 ttgcccactt gctatgggece tctcaaagtyg ggaggcacaa

3121 gaggtgggca ggctaggagg gggtcctgcece ttgtaccctce

3181 aacccectgg actctettga tcecttgacaac actcagcetgg

3241 gagcecccagg ggctgagtece tectecttece catgatcage

3301 ccacctcect ctgggecccece caacatggct gtgggcaaca

3361 ctacctgggg aaacagaatt cctcaactct agtgcctaaa

3421 cacagatcge atttcctaag gggtttctat ccttceccagaa

3481 ccatgcacaa gatgccccag ggatgggagg tatgggctgg

3541 acgttttgag gagaaatttg ataatgacac tgtttcctga

3601 aaaaaaaaaa aaaaaaaa

tttcccatta

cacccectga

attccacagg

tactgtggga

ccaagtttet

atggacctgg

caccatgeca

cacctegact

accccagetyg

ctecccgaagyg

actttgtgge

ggggcagctc

tgagtgtett

gagtagggaa

aaattggggg

gggctatgta

taataaagga

cccccagcecce

ttatcttect

gcagctcaag

gggtggggge

ggggggttce

ctttggacce

tgaaaatttt

tctgecceca

tggtcatcet

acaggtatgt

tattctggat

tggacatacc

actgagatcc

tctcatccat

agctgcagtce

tagtctgtat

actgcatcag

An antisense oligonucleotide can have a length of at least
about 5 nucleotides, at least about 7 nucleotides, at least
about 10 nucleotides, at least about 15 nucleotides, at least
about 20 nucleotides, at least about 25 nucleotides, at least
about 30 nucleotides, at least about 35 nucleotides, at least
about 40 nucleotides, at least about 45 nucleotides, at least
about 50 nucleotides, at least about 55 nucleotides, at least
about 60 nucleotides, at least about 65 nucleotides, at least
about 70 nucleotides, at least about 75 nucleotides, at least
about 80 nucleotides, at least about 85 nucleotides, at least
about 90 nucleotides, at least about 95 nucleotides, and at
least about 100 nucleotides. An antisense nucleic acid of the
invention can be constructed using chemical synthesis and
enzymatic ligation reactions using procedures known in the
art. For example, an antisense nucleic acid can be chemi-
cally synthesized using naturally occurring nucleotides or
variously modified nucleotides designed to increase the
biological stability of the molecules or to increase the
physical stability of the duplex formed between the anti-
sense and sense nucleic acids, e.g., phosphorothioate deriva-
tives and acridine substituted nucleotides can be used. The
antisense nucleic acid also can be produced biologically
using an expression vector into which a nucleic acid has
been subcloned in an antisense orientation, namely, RNA
transcribed from the inserted nucleic acid will be of an
antisense orientation to a target nucleic acid of interest. The
antisense nucleic acid molecules can be administered to a
subject (e.g., systemically or locally by direct injection at a
tissue site, or generated in situ such that they hybridize with
or bind to cellular mRNA and/or genomic DNA encoding
GLI1 to thereby inhibit its expression. Alternatively, anti-
sense nucleic acid molecules can be modified to target
particular cells and then administered systemically. For
systemic administration, antisense molecules can be modi-

35

40

45

50

55

60

65

fied such that they specifically bind to receptors or antigens
expressed on a selected cell surface, e.g., by linking the
antisense nucleic acid molecules to peptides or antibodies
that bind to particular cell surface receptors or antigens. The
antisense nucleic acid molecules can also be delivered to
cells using the vectors described herein. To achieve suffi-
cient intracellular concentrations of the antisense molecules,
vector constructs in which the antisense nucleic acid mol-
ecule is placed under the control of a strong pol II or pol III
promoter can be used.

In some embodiments, antisense oligonucleotide include
a-anomeric nucleic acid molecules. An a-anomeric nucleic
acid molecule forms specific double-stranded hybrids with
complementary RNA in which, contrary to the usual beta-
units, the strands run parallel to each other (Gaultier, C. et
al. (1987) Nucleic Acids. Res. 15:6625-6641). The antisense
nucleic acid molecule can also comprise a 2'-0-methylribo-
nucleotide, or a chimeric RNA-DNA analogue (Inoue, H. et
al. (1987) Nucleic Acids Res. 15:6131-6148; Inoue, H. et al.
(1987a) FEBS Lett. 215:327-330).

Additional methods or compositions described herein to
reduce the level of GLI1 protein, such as the GLI1-130
isoform, or a nucleic acid encoding GLI1, such as a nucleic
acid encoding the GLI1-130 isoform, within a cell, such as
endogenous GLI1, or an mRNA encoding GLI1, can utilize
ribozymes. In general, a ribozyme is a catalytic RNA
molecule that cleaves RNA in a sequence specific manner.
Ribozymes that cleave themselves are known as cis-acting
ribozymes, while ribozymes that cleave other RNA mol-
ecules are known as trans-acting ribozymes. The term “cis-
acting ribozyme sequence” as used herein refers to the
sequence of an RNA molecule that has the ability to cleave
the RNA molecule containing the cis-acting ribozyme
sequence. A cis-acting ribozyme sequence can contain any
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sequence provided it has the ability to cleave the RNA
molecule containing the cis-acting ribozyme sequence. For
example, a cis-acting ribozyme sequence can have a
sequence from a hammerhead, axhead, or hairpin ribozyme.
In addition, a cis-acting ribozyme sequence can have a
sequence from a hammerhead, axhead, or hairpin ribozyme
that is modified to have either slow cleavage activity or
enhanced cleavage activity. For example, nucleotide substi-
tutions can be made to modify cleavage activity (Doudna
and Cech, Nature, 418:222-228 (2002)). Examples of
ribozyme sequences that can be used with the methods and
compositions described herein include those described in
U.S. Pat. No. 6,271,359, and U.S. Pat. No. 5,824,519,
incorporated by reference in their entireties. One example
method for preparing a ribozyme is to synthesize chemically
an oligodeoxyribonucleotide with a ribozyme catalytic
domain (approximately 20 nucleotides) flanked by
sequences that hybridize to the target mRNA. The oligode-
oxyribonucleotide is amplified by using the substrate bind-
ing sequences as primers. The amplified product is cloned
into a eukaryotic expression vector. A ribozyme can be
expressed in eukaryotic cells from the appropriate DNA
vector. If desired, the activity of the ribozyme may be
augmented by its release from the primary transcript by a
second ribozyme (Ohkawa et al., Nucleic Acids Symp. Ser.,
27: 15-6 (1992); Taira et al., Nucleic Acids Res., 19:
5125-30 (1991); Ventura et al., Nucleic Acids Res., 21,
3249-55 (1993).

Methods of Treatment

Some embodiments relate to compositions and/or meth-
ods for treating or ameliorating disorders related to an
increased activity of the Hedgehog pathway. In some
embodiments, treating such disorders can include decreasing
the level of a nucleic acid encoding GLI1, such as a nucleic
acid encoding the GLI1-130 isoform, in the cell of a subject.
In some embodiments, a composition can include an isolated
nucleic acid having activity to reduce the levels of GLII,
such as a nucleic acid having activity to reduce the levels of
the GLI1-130 isoform, in a cell of a subject. Examples of
such nucleic acids are described herein and include a
sequence encoding GLI1 or a fragment thereof, or a
sequence encoding antisense GLI1 or a fragment thereof.
Such nucleic acids can be useful for RNA interference or
antisense technologies. A fragment of a polynucleotide
sequence will be understood to include any nucleotide
fragment having, for example, at least about 5 successive
nucleotides, at least about 12 successive nucleotides, at least
about 15 successive nucleotides, at least about 18 successive
nucleotides, or at least about 20 successive nucleotides of
the sequence from which it is derived. An upper limit for a
fragment can include, for example, the total number of
nucleotides in a full-length sequence encoding a particular
polypeptide. Methods to select for nucleic sequences that
have activity to reduce the level of a protein, such as GLI1
protein, including the GLI1-130 isoform, or the level of a
nucleic acid encoding a polypeptide, such as an mRNA
encoding GLI1, including an mRNA encoding the GL.I1-130
isoform, in a cell or a subject, are also provided herein.

In some embodiments, a nucleic acid having activity to
reduce GLI1 protein expression, such as the GLI1-130
isoform protein expression, or the level of a nucleic acid
encoding GLI1, such as a nucleic acid encoding the GLI1-
130 isoform, in a cell of a subject is further operably linked
to a regulatory sequence. Regulatory sequences include
promoters, enhancers and other expression control elements
(e.g., polyadenylation signals). Such regulatory sequences
are described, for example, in Goeddel; Gene Expression
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Technology: Methods in Enzymology 185, Academic Press,
San Diego, Calif. (1990), the disclosure of which is incor-
porated herein by reference in its entirety. Regulatory
sequences include those which direct constitutive expression
of'a nucleotide sequence in many types of host cell and those
which direct expression of the nucleotide sequence only in
certain host cells (e.g., tissue-specific regulatory sequences).
Tissue specific promoters may be used to effect transcription
in specific tissues or cells so as to reduce potential toxicity
or undesirable effects to non-targeted tissues. For example,
promoters such as the PSA, probasin, prostatic acid phos-
phatase or prostate-specific glandular kallikrein (hK2) may
be used to target gene expression in the prostate. Similarly,
promoters as follows may be used to target gene expression
in other tissues. Examples of more tissue specific promoters
include in (a) pancreas: insulin, elastin, amylase, pdr-I,
pdx-1I, glucokinase; (b) liver: albumin PEPCK, HBV
enhancer, a fetoprotein, apolipoprotein C, a-1 antitrypsin,
vitellogenin, NF-AB, Transthyretin; (c) skeletal muscle:
myosin H chain, muscle creatine kinase, dystrophin, calpain
p94, skeletal a-actin, fast troponin 1; (d) skin: keratin K6,
keratin KI; (e) lung: CFTR, human cytokeratin IS (K 18),
pulmonary surfactant proteins A, B and C, CC-10, Pi; (f)
smooth muscle: sm22 a, SM-a-actin; (g) endothelium:
endothelin-I, E-selectin, von Willebrand factor, TIE, KDR/
flk-I; (h) melanocytes: tyrosinase; (i) adipose tissue: lipo-
protein lipase, adipsin, acetyl-CoA carboxylase, glycero-
phosphate dehydrogenase, adipocyte P2; (j) blood: P-globin;
and (k) mammary: MMTYV, and whey acidic protein (WAP).

In certain embodiments, it may be desirable to activate
transcription at specific times after administration of a vector
comprising a nucleic acid having activity to reduce GLI1
protein level, such as the level of the GLI1-130 isoform, or
the level of a nucleic acid encoding GLI1, such as the level
of a nucleic acid encoding the GLI1-130 isoform, in a cell.
This may be done with such promoters as those that may be
regulated by hormone or cytokine. For example, in a
gonadal tissue where specific steroids are produced or routed
to, use of androgen or estrogen regulated promoters may be
advantageous. Such promoters that are hormone regulatable
include MMTV, MT-1, ecdysone and RuBisco. Other hor-
mone regulated promoters such as those responsive to
thyroid, pituitary and adrenal hormones are expected to be
useful with the nucleic acids described herein. Cytokine and
inflammatory protein responsive promoters that could be
used include K and T Kininogen, c-fos, TNF-a, C-reactive
protein, haptoglobin, serum amyloid A2, C/EBP a, IL-1,
IL-6, Complement C3, IL-8, a-1 acid glycoprotein, a-1
antitrypsin, lipoprotein lipase, angiotensinogen, fibrinogen,
c-jun (inducible by phorbol esters, TNF a, UV radiation,
retinoic acid, and hydrogen peroxide), collagenase (induced
by phorbol esters and retinoic acid), metallothionein (heavy
metal and glucocorticoid inducible), Stromelysin (inducible
by phorbol ester, interleukin-1 and EGF), a-2 macroglobulin
and o-I antichymotrypsin. It is envisioned that any of the
promoters described herein, alone or in combination with
another, may be useful depending on the action desired.

Nucleic acid constructs having activity to reduce GLI1
protein levels, such as the level of GLI1-130 isoform, or the
level of a nucleic acid encoding GLI1, such as the level of
a nucleic acid encoding the GLI1-130 isoform, in a cell and
described herein can be introduced in vivo as naked DNA
plasmids, for example, using transfection, electroporation
(e.g., transcutaneous electroporation), microinjection, trans-
duction, cell fusion, DEAE dextran, calcium phosphate
precipitation, use of a gene gun, or use of a DNA vector
transporter (Wu et al. J. Biol. Chem., 267:963-967, 1992;



US 9,464,291 B2

49

Wu and Wu J. Biol. Chem., 263:14621-14624, 1988; and
Williams et al. Proc. Natl. Acad. Sci. USA 88:2726-2730,
1991). A needleless delivery device, such as a BIOJEC-
TOR® needleless injection device can be utilized to intro-
duce nucleic acid constructs in vivo. Receptor-mediated
DNA delivery approaches can also be used (Curiel et al.
Hum. Gene Ther., 3:147-154, 1992; and Wu and Wu, J. Biol.
Chem., 262:4429-4432, 1987). Methods for formulating and
administering naked DNA to mammalian muscle tissue are
disclosed in U.S. Pat. Nos. 5,580,859 and 5,589,466, both of
which are herein incorporated by reference in their entire-
ties. Other molecules are also useful for facilitating trans-
fection of a nucleic acid in vivo, such as a cationic oligo-
peptide (e.g., WO95/21931), peptides derived from DNA
binding proteins (e.g., W0O96/25508), or a cationic polymer
(e.g., WO95/21931), the disclosures of which are incorpo-
rated herein by reference in their entireties.

Alternatively, electroporation can be utilized conve-
niently to introduce nucleic acid constructs, having activity
to reduce GLI1 protein levels, such as the level of the
GLI1-130 isoform, or the level of a nucleic acid encoding
GLI1, such as the level of a nucleic acid encoding the
GLI1-130 isoform, in a cell and described herein, into cells.
Electroporation is well known by those of ordinary skill in
the art (see, for example: Lohr et al. Cancer Res. 61:3281-
3284, 2001; Nakano et al. Hum Gene Ther. 12:1289-1297,
2001; Kim et al. Gene Ther. 10:1216-1224, 2003; Dean et al.
Gene Ther. 10:1608-1615, 2003; and Young et al. Gene Ther
10:1465-1470, 2003). For example, in electroporation, a
high concentration of vector DNA is added to a suspension
of host cell (such as isolated autologous peripheral blood or
bone marrow cells) and the mixture shocked with an elec-
trical field. Transcutaneous electroporation can be utilized in
animals and humans to introduce heterologous nucleic acids
into cells of solid tissues (such as muscle) in vivo. Typically,
the nucleic acid constructs are introduced into tissues in vivo
by introducing a solution containing the DNA into a target
tissue, for example, using a needle or trochar in conjunction
with electrodes for delivering one or more electrical pulses.
For example, a series of electrical pulses can be utilized to
optimize transfection, for example, between 3 and ten pulses
of 100 V and 50 msec. In some cases, multiple sessions or
administrations are performed.

Another well known method that can be used to introduce
nucleic acid constructs, having activity to reduce GLI1
protein levels, such as the GLI1-130 isoform protein levels,
or the level of a nucleic acid encoding GLI1, such as the
level of a nucleic acid encoding the GLI1-130 isoform, in a
cell and described herein, into host cells is biolistic trans-
formation. One method of biolistic transformation involves
propelling inert or biologically active particles at cells, e.g.,
U.S. Pat. Nos. 4,945,050, 5,036,006; and 5,100,792, the
disclosures of which are hereby incorporated by reference in
their entireties. Generally, this procedure involves propel-
ling inert or biologically active particles at the cells under
conditions effective to penetrate the outer surface of the cell
and to be incorporated within the interior thereof. When
inert particles are utilized, the plasmid can be introduced
into the cell by coating the particles with the plasmid
containing the exogenous DNA. Alternatively, the target cell
can be surrounded by the plasmid so that the plasmid is
carried into the cell by the wake of the particle.

Alternatively, nucleic acid constructs, having activity to
reduce GLI1 protein levels, such as the GLI1-130 isoform
protein levels, or the level of a nucleic acid encoding GLI1,
such as the level of a nucleic acid encoding the GLI1-130
isoform, in a cell and described herein, can be introduced in
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vivo by lipofection. Synthetic cationic lipids designed to
limit the difficulties and dangers encountered with liposome
mediated transfection can be used to prepare liposomes for
in vivo transfection of a gene encoding a marker (Felgner et
al. Proc. Natl. Acad. Sci. USA 84:7413-7417, 1987; Mackey,
et al. Proc. Natl. Acad. Sci. USA 85:8027-8031, 1988;
Ulmer et al. Science 259:1745-1748, 1993, the disclosures
of which are incorporated herein by reference in their
entireties). The use of cationic lipids can promote encapsu-
lation of negatively charged nucleic acids, and also promote
fusion with negatively charged cell membranes (Felgner and
Ringold Science 337:387-388, 1989, the disclosure of which
is incorporated by reference herein in its entirety). Particu-
larly useful lipid compounds and compositions for transfer
of nucleic acids are described in W(095/18863 and WO96/
17823, and in U.S. Pat. No. 5,459,127, incorporated herein
by reference in their entireties.

In some embodiments, the nucleic acid constructs, having
activity to reduce GLI1 protein levels, such as the GL.I1-130
isoform protein levels, or the level of a nucleic acid encod-
ing GLI1, such as the level of a nucleic acid encoding the
GLI1-130 isoform, in a cell and described herein, are viral
vectors. Methods for constructing and using viral vectors are
known in the art (See e.g., Miller and Rosman, BioTech.,
7:980-990, 1992). Preferably, the viral vectors are replica-
tion defective, that is, they are unable to replicate autono-
mously in the target cell. In some cases, the replication
defective virus retains the sequences of its genome that are
necessary for encapsulating the viral particles. DNA viral
vectors commonly include attenuated or defective DNA
viruses, including, but not limited to, herpes simplex virus
(HSV), papillomavirus, Epstein Barr virus (EBV), adenovi-
rus, adeno-associated virus (AAV), Moloney leukemia virus
(MLV) and human immunodeficiency virus (HIV) and the
like. Defective viruses, that entirely or almost entirely lack
viral genes, are preferred, as defective virus is not infective
after introduction into a cell. Use of defective viral vectors
allows for administration to cells in a specific, localized
area, without concern that the vector can infect other cells.
Thus, a specific tissue can be specifically targeted. Examples
of particular vectors include, but are not limited to, a
defective herpes virus 1 (HSV1) vector (Kaplitt et al. Mol.
Cell. Neurosci., 2:320-330, 1991, the disclosure of which is
incorporated herein by reference in its entirety), defective
herpes virus vector lacking a glycoprotein L gene (See for
example, Patent Publication RD 371005 A, incorporated
herein by reference in its entirety), or other defective herpes
virus vectors (See e.g., WO 94/21807; and WO 92/05263,
incorporated herein by reference in their entireties); an
attenuated adenovirus vector, such as the vector described
by Stratford-Perricaudet et al. (J. Clin. Invest., 90:626-630
1992; La Salle et al., Science 259:988-990, 1993, the
disclosure of which is incorporated herein by reference in its
entirety); and a defective adeno-associated virus vector
(Samulski et al., J. Virol., 61:3096-3101, 1987; Samulski et
al., J. Virol., 63:3822-3828, 1989; and Lebkowski et al.,
Mol. Cell. Biol., 8:3988-3996, 1988, the disclosures of
which are incorporated herein by reference in their entire-
ties).

In some embodiments, the viral vectors, having activity to
reduce GLI1 protein levels, such as the GLI1-130 isoform
protein levels, or the level of a nucleic acid encoding GLI1,
such as the level of a nucleic acid encoding the GLI1-130
isoform, in a cell and described herein, may be adenovirus
vectors. Adenoviruses are eukaryotic DNA viruses that can
be modified to efficiently deliver a nucleic acid of the
disclosure to a variety of cell types. Various serotypes of
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adenovirus exist. Of these serotypes, preference is given,
within the scope of the present disclosure, to type 2, type 5
or type 26 human adenoviruses (Ad 2 or Ad 5), or adeno-
viruses of animal origin (See e.g.,, W094/26914 and
W02006/020071, the disclosures of which are incorporated
herein by reference in their entireties). Those adenoviruses
of animal origin that can be used within the scope of the
present disclosure include adenoviruses of canine, bovine,
murine (e.g., Mavl, Beard et al. Virol., 75-81, 1990, the
disclosure of which is incorporated herein by reference in its
entirety), ovine, porcine, avian, and simian (e.g., SAV)
origin. In some embodiments, the adenovirus of animal
origin is a canine adenovirus, such as a CAV2 adenovirus
(e.g. Manhattan or A26/61 strain (ATCC VR-800)).

Some embodiments include pharmaceutical compositions
comprising a nucleic acid which reduces GLI1 protein
levels, such as the GLI1-130 isoform protein levels, or the
level of a nucleic acid encoding GLI1, such as the level of
a nucleic acid encoding the GLI1-130 isoform, and a suit-
able carrier. While any suitable carrier known to those of
ordinary skill in the art may be employed in the pharma-
ceutical compositions described herein, the type of carrier
will typically vary depending on the mode of administration.
Compositions described herein may be formulated for any
appropriate manner of administration, including for
example, topical, oral, nasal, mucosal, intravenous, intrac-
ranial, intraperitoneal, subcutaneous and intramuscular
administration. Carriers for use within such pharmaceutical
compositions are biocompatible, and may also be biode-
gradable. In certain embodiments, the formulation prefer-
ably provides a relatively constant level of active component
release.

The pharmaceutical compositions described herein can
further comprise one or more buffers (e.g., neutral buffered
saline or phosphate buffered saline), carbohydrates (e.g.,
glucose, mannose, sucrose or dextrans), mannitol, proteins,
polypeptides or amino acids such as glycine, antioxidants,
bacteriostats, chelating agents such as EDTA or glutathione,
adjuvants (e.g., aluminum hydroxide), solutes that render the
formulation isotonic, hypotonic or weakly hypertonic with
the blood of a recipient, suspending agents, thickening
agents and/or preservatives. Alternatively, compositions
described herein may be formulated as a lyophilizate.

Pharmaceutical compositions described herein can be
administered to a subject, such as a mammal, such as a
human. Pharmaceutical compositions can be administered at
a therapeutically effective amount. A “therapeutically effec-
tive amount” is a quantity of a chemical composition (such
as a nucleic acid construct, vector, or polypeptide) used to
achieve a desired effect in a subject being treated. Pharma-
ceutical compositions may be administered either prior to or
following surgical removal of primary tumors and/or treat-
ment such as administration of radiotherapy or conventional
chemotherapeutic drugs. Pharmaceutical compositions may
be administered in combination with at least one additional
therapeutic compound, such as a chemotherapeutic com-
pound.

Indications

Methods and compositions described herein can be used
to treat disorders that relate to increased activity of the
Hedgehog pathway. Examples of such disorders include
cancers, for example, breast cancer, melanoma, prostate
cancer, colorectal cancer, head and neck cancer, lung cancer,
colon cancer, oesophageal cancer, gastric cancer, testicular
cancer cell, and ovarian cancer. More examples include any
cancer that may be treated with the therapeutic compounds
described herein.
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Methods to Increase Sensitivity of Cells to Therapeutic
Compounds

It has been discovered that reducing GLI1 protein levels
or the level of a nucleic acid encoding GLI1 in a cell
increases the sensitivity of the cell to particular therapeutic
compounds. Accordingly, some embodiments relate to
methods for increasing the sensitivity of a cell or a subject
to a therapeutic compound. As will be understood, increas-
ing the sensitivity of a cell or a subject to a therapeutic
compound can decrease the therapeutically effective amount
of a therapeutic compound needed to treat the cell or subject.

In some embodiments, a cell or a subject may be treated
with an agent that reduces GLI1 protein levels, such as the
GLI1-130 isoform protein levels, or the level of a nucleic
acid encoding GLI1, such as the level of a nucleic acid
encoding the GLI1-130 isoform. Reducing GLI1 protein
levels, such as the GLI1-130 isoform protein levels, or the
level of a nucleic acid encoding GLI1, such as the level of
a nucleic acid encoding the GLI1-130 isoform, in certain
cells can increase the sensitivity of those cells to particular
therapeutic compounds. Such cells can include cells in
which GLI1 expression is increased compared to normal
cells, for example, in certain neoplastic cells. More
examples include cells in which the activity of DNA repair
mechanisms is increased compared to normal cells. Such
DNA repair mechanisms can include nucleotide excision
repair, and base excision repair.

Therapeutic compounds for which the therapeutic dosage
may be reduced can include chemotherapeutic compounds.
Examples of chemotherapeutic compounds include plati-
num-based compounds such as cisplatin, carboplatin, neda-
platin, oxaliplatin, satraplatin, and triplatin tetranitrate,
nitrogen mustards such as cyclophosphamide, mechlore-
thamine, uramustine, melphalan, chlorambucil, and ifosf-
amide, nitrosoureas such as carmustine, lomustine, and
streptozocin, alkyl sulfonates such as busulfan, thiotepa,
procarbazine, and altretamine. In more embodiments, che-
motherapeutic compounds can include compounds in which
an increased cellular resistance to the chemotherapeutic
compound correlates to an increased expression of ERRC1,
XPD, XRCC1, or c-jun such as c-jun (Ser 63). More
embodiments, include therapeutic compounds for which
increased activity of the base excision repair pathway results
in increased cellular resistance to the therapeutic com-
pounds. More embodiments, include therapeutic compounds
for which increased activity of the nucleotide excision repair
pathway results in increased cellular resistance to the thera-
peutic compounds.

Methods for Identifying Agents

More embodiments include methods of identifying com-
pounds and agents useful for the methods and compositions
described herein. Some such methods can be useful to
evaluate test compounds useful to treat disorders related to
increased activity of the Hedgehog pathway. More methods
can be useful to evaluate test compounds useful to increase
the sensitivity of certain cells to particular therapeutic com-
pounds.

In some embodiments, a test compound is evaluated by
contacting the cell with the test compound. A test compound
that reduces the level of GLI1 protein, such as the level of
the GLI1-130 isoform, or the level of a nucleic acid encod-
ing GLI1, such as the level of a nucleic acid encoding the
GLI1-130 isoform, may be useful to decrease the activity of
the Hedgehog pathway. Such a test compound can be useful
to treat or ameliorate disorders related to increased activity
of'the Hedgehog pathway. More methods include comparing
the level of a nucleic acid encoding GLI1, such as the level



US 9,464,291 B2

53

of a nucleic acid encoding the GLI1-130 isoform, or the
level of GLI1 protein, such as the level of the GLI1-130
isoform, in a target cell to the level of a nucleic acid
encoding GLI1, such as the level of a nucleic acid encoding
the GLI1-130 isoform, or the level of GLI1 protein, such as
the level of GLI1-130 isoform, in a target cell contacted with
the test compound.

More methods can also include selecting a test compound
that, in addition to reducing the level of the GLI1 protein,
such as the level of the GLI1-130 isoform or the level of a
nucleic acid encoding GLI1, such as the level of a nucleic
acid encoding the GLI1-130 isoform, also reduces the level
of'c-jun (Ser 63) protein in a target cell, where c-jun (Ser 63)
is a c-jun protein phosphorylated at the Serine 63 residue.
More methods can also include selecting a test compound
that also inhibits or reduces the upregulation of the level of
c-jun (Ser 63) protein in a target cell. Upregulation of c-jun
(Ser 63) can be in response to a chemical compounds that
upregulates c-jun (Ser 63).

More methods can also include selecting a test compound
that, in addition to reducing the level of the GLI1 protein,
such as the level of the GLI1-130 isoform or the level of a
nucleic acid encoding GLI1, such as the level of a nucleic
acid encoding the GLI1-130 isoform, also reduces the level
of ERCC1 protein or a nucleic acid encoding ERCCI1 in a
target cell. More methods can also include selecting a test
compound that also inhibits or reduces upregulation of the
level of ERCCI1 protein or a nucleic acid encoding ERCC1
in a target cell. The upregulation of ERCC1 protein or a
nucleic acid encoding ERCCI1 in a target cell can be in
response to a chemical compound that upregulates ERCCI.

More methods can also include selecting a test compound
that, in addition to reducing the level of the GLI1 protein,
such as the level of the GLI1-130 isoform or the level of a
nucleic acid encoding GLI1, such as the level of a nucleic
acid encoding the GLI1-130 isoform, also reduces the level
of XPD protein or a nucleic acid encoding XPD in a target
cell. More methods can also include selecting a test com-
pound that also inhibits or reduces upregulation of the level
of XPD protein or a nucleic acid encoding XPD in a target
cell. The upregulation of XPD protein or a nucleic acid
encoding XPD in a target cell can be in response to a
chemical compound that upregulates XPD.

More methods can also include selecting a test compound
that, in addition to reducing the level of the GLI1 protein,
such as the level of the GLI1-130 isoform or the level of a
nucleic acid encoding GLI1, such as the level of a nucleic
acid encoding the GLI1-130 isoform, also reduces the level
of XRCC1 protein or a nucleic acid encoding XRCC1 in a
target cell. More methods can also include selecting a test
compound that also inhibits or reduces upregulation of the
level of XRCC1 protein or a nucleic acid encoding XRCC1
in a target cell. The upregulation of XRCC1 protein or a
nucleic acid encoding XRCC1 in a target cell can be in
response to a chemical compound that upregulates XRCCI1.

More methods can also include selecting a test compound
that while reducing the level of the GLI1 protein, such as the
level of the GLI1-130 isoform or the level of a nucleic acid
encoding GLI1, such as the level of a nucleic acid encoding
the GLI1-130 isoform, also does not reduce the level of
GLI2 protein or a nucleic acid encoding GLI2 in a cell. More
methods can also include selecting a test compound that
does not substantially reduce the level of GLI2 protein or a
nucleic acid encoding GLI2 in a cell. As used herein the term
“not substantially reduce” and grammatical equivalents can
refer to a reduction of no more than about 1%, no more than
about 2%, no more than about 3%, no more than about 4%,
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no more than about 5%, no more than about 6%, no more
than about 7%, no more than about 8%, no more than about
9%, and no more than about 10%.

Test compounds that do not reduce or substantially reduce
the level of GLI2 protein or a nucleic acid encoding GLI2 in
a cell, and also have activity that reduces the level of GLI1
protein, such as the GLI1-130 isoform, or the level of a
nucleic acid encoding GLI1, such as a nucleic acid encoding
the GLI1-130 isoform, are particularly advantageous, as
these compounds may selectively inhibit a tumor cell’s, for
example, a neoplastic cell’s, ability to up-regulate those
processes/pathways that promote tumor cell survival.

Examples of chemical compounds that can upregulate
target cell levels of c-jun (Ser 63) protein, ERCC1 protein,
XPD protein, or XRCC1 protein are well known and include
chemotherapeutic agents, such as cisplatin. Examples of test
compounds can include chemical compounds, nucleic acids,
for example, nucleic acids encoding GLI1 or fragments
thereof, or antisense GLI1 or fragments thereof.

Methods for Assessing the Effectiveness of a Compound or
Agent

More methods include assessing the effectiveness of a
compound or agent in treating a disorder. In some such
methods, treatment can include methods and/or composi-
tions that reduce the level of GLI1 protein, such as the level
of the GLI1-130 isoform, or the level of a nucleic acid
encoding GLI1, such as the level of a nucleic acid encoding
the GLI1-130 isoform, in a cell of a subject. The effective-
ness of the compound or agent can be evaluated by mea-
suring the level of OPN protein or the level of a nucleic acid
encoding OPN in a sample from the subject. The measuring
can be carried out in vivo or ex vivo. More methods can
include comparing the level of a nucleic acid encoding OPN
or the level of OPN protein in the sample to the level of a
nucleic acid encoding OPN or the level of OPN protein in a
subject who does not have the disorder, and/or a subject who
has not been contacted with the compound or agent. In some
embodiments, a decrease in the level of a nucleic acid
encoding OPN or the level of OPN protein is indicative of
a favorable prognosis.

More methods include methods for assessing the potential
effectiveness of a nucleic acid as a therapeutic agent. Some
such methods include determining whether the nucleic acid
reduces the level of a nucleic acid encoding GLI1, such as
the level of a nucleic acid encoding the GL.I1-130 isoform,
or the level of GLI1 protein, such as the level of the
GLI1-130 isoform, in a cell. In such methods, the nucleic
acid can be identified as having potential effectiveness as a
therapeutic agent if the nucleic acid reduces the level of the
nucleic acid encoding GLI1, such as the level of a nucleic
acid encoding the GLI1-130 isoform, or the level of the
GLI1 protein, such as the level of the GLI1-130 isoform, in
said cell. In further embodiments, methods can also include
determining whether a nucleic acid has no substantial effect
on the level of a nucleic acid encoding GLI2 or the level of
GLI2 protein in a cell. In some such embodiments, the
nucleic acid is identified as having potential effectiveness a
therapeutic agent if the nucleic acid has no substantial effect
on the level of the nucleic acid encoding GLI2 or the level
of the GLI2 protein in said cell.

More embodiments include nucleic acids identified as
having potential effectiveness as a therapeutic agent by the
methods described herein.
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Methods for Inhibiting Induction of DNA Repair and Reduc-
ing Cellular Sensitivity to Platinum-Based Chemotherapeu-
tic Compounds

Some embodiments include a method of inhibiting an
increase in expression of a DNA repair gene in a cell
contacted with a platinum-based chemotherapeutic com-
pound Some such methods include reducing the level of a
nucleic acid encoding GLI1 or reducing the level of GLI1
protein in the cell.

In some embodiments, the DNA repair gene is selected
from the group consisting of a base excision repair gene, and
a nucleotide base excision repair gene. In some embodi-
ments, the base excision repair gene is XRCC1. In some
embodiments, the nucleotide excision repair gene is selected
from the group consisting of ERCC1, and XPD.

In some embodiments, the cell’s resistance to the plati-
num-based chemotherapeutic compound is decreased com-
pared to a cell not contacted with an isolated nucleic acid
which reduces the level of a nucleic acid encoding GLI1 or
which reduces the level of GLI1 protein. In some embodi-
ments, the cell’s resistance to the platinum-based chemo-
therapeutic compound is decreased at least about 6-fold.

In some embodiments, the level of phosphorylated c-jun
(Ser 63) protein in the cell contacted with an isolated nucleic
acid which reduces the level of a nucleic acid encoding GLI1
or which reduces the level of GLI1 protein is reduced
compared a cell not contacted with an isolated nucleic acid
which reduces the level of a nucleic acid encoding GLI1 or
the level of GLI1 protein.

In some embodiments, the level of phosphorylated c-jun
(Thr 91) protein in the cell contacted with an isolated nucleic
acid which reduces the level of a nucleic acid encoding GLI1
or which reduces the level of GLI1 protein is increased
compared to a cell not contacted with an isolated nucleic
acid which reduces the level of a nucleic acid encoding GLI1
or the level of GLII protein.

Some embodiments include a method of reducing the
level of repair of platinum-DNA adducts in a cell contacted
with a platinum-based chemotherapeutic compound. Some
such methods include reducing the level of a nucleic acid
encoding GLI1 or reducing the level of GLI1 protein in the
cell.

In some embodiments, the reduction in the level of repair
of platinum-DNA adducts in the cell having a reduced level
of'a nucleic acid encoding GLI1 or a reduced level of GLI1
protein compared to the level of repair of platinum-DNA
adducts in a cell contacted with a platinum-based chemo-
therapeutic compound and not contacted with an isolated
nucleic acid which reduces the level of a nucleic acid
encoding GLI1 or which reduces the level of GLII protein
is greater than about 60%, greater than about 40%, or greater
than about 20%.

In some embodiments, the cell’s resistance to the plati-
num-based chemotherapeutic compound is decreased com-
pared to a cell not contacted with an isolated nucleic acid
which reduces the level of a nucleic acid encoding GLI1 or
which reduces the level of GLI1 protein. In some embodi-
ments, the cell’s resistance to the platinum-based chemo-
therapeutic compound is decreased at least about 6-fold.

In some embodiments, the level of phosphorylated c-jun
(Ser 63) protein in the cell contacted with an isolated nucleic
acid which reduces the level of a nucleic acid encoding GLI1
or which reduces the level of GLI1 protein is reduced
compared to a cell not contacted with an isolated nucleic
acid which reduces the level of a nucleic acid encoding GLI1
or the level of GLII protein.
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In some embodiments, the level of phosphorylated c-jun
(Thr 91) protein in the cell contacted with an isolated nucleic
acid which reduces the level of a nucleic acid encoding GLI1
or which reduces the level of GLI1 protein is increased
compared to a cell not contacted with an isolated nucleic
acid which reduces the level of a nucleic acid encoding GLI1
or which reduces the level of GLI1 protein.

Some embodiments include a method of inhibiting
expression of a gene which is activated by c-jun in a cell.
Some such methods include reducing the level of a nucleic
acid encoding GLI1 or reducing the level of GLI1 protein in
the cell.

In some embodiments, the DNA repair gene is selected
from the group consisting of AP-1, and ERRCI.

In some embodiments, the level of phosphorylated c-jun
(Ser 63) protein in the cell contacted with an isolated nucleic
acid which reduces the level of a nucleic acid encoding GLI1
or which reduces the level of GLI1 protein is reduced
compared to a cell not contacted with an isolated nucleic
acid which reduces the level of a nucleic acid encoding GLI1
or the level of GLII protein.

In some embodiments, the level of phosphorylated c-jun
(Thr 91) protein in the cell contacted with an isolated nucleic
acid which reduces the level of a nucleic acid encoding GLI1
or which reduces the level of GLI1 protein is increased
compared to a cell not contacted with an isolated nucleic
acid which reduces the level of a nucleic acid encoding GLI1
or the level of GLII protein.

Some embodiments include a method of increasing the
level of a platinum-based chemotherapeutic compound in a
cell. Some such embodiments include reducing the level of
a nucleic acid encoding GLI1 or reducing the level of GLI1
protein in the cell.

In some embodiments, the level of a nucleic acid encod-
ing GLI1 or the level of GLIl protein is reduced by
contacting the cell with an isolated nucleic acid selected
from a small hairpin RNA (shRNA), a small interfering
RNA (siRNA), a micro RNA (miRNA), an antisense poly-
nucleotide, and a ribozyme.

In some embodiments, the level of the platinum-based
chemotherapeutic compound in the cell contacted with the
isolated nucleic acid which reduces the level of a nucleic
acid encoding GLI1 or the level of GLI1 protein is increased
compared to the level of the platinum-based chemothera-
peutic compound in a cell not contacted with the isolated
nucleic acid which reduces the level of a nucleic acid
encoding GLI1 or the level of GLI1 protein. In some
embodiments, the level of the platinum-based chemothera-
peutic compound in the cell contacted with the isolated
nucleic acid which reduces the level of a nucleic acid
encoding GLI1 or the level of GLI1 protein compared to the
level of the platinum-based chemotherapeutic compound in
a cell not contacted with the isolated nucleic acid which
reduces the level of a nucleic acid encoding GLI1 or the
level of GLI1 protein is increased by at least about 5%, 10%,
20%, 30%, 40%, 50%, 60%, 70%, 80%, 90%, 100%, or
more. In some embodiments the efflux of the platinum-based
chemotherapeutic compound into the cell is inhibited.

In some of the foregoing embodiments, the level of a
nucleic acid encoding GLI1 or the level of GLI1 protein is
reduced by contacting the cell with an isolated nucleic acid
selected from a small hairpin RNA (shRNA), a small inter-
fering RNA (siRNA), a micro RNA (miRNA), an antisense
polynucleotide, and a ribozyme. In some embodiments, the
isolated nucleic acid comprises a sequence encoding anti-
sense GLI1 or a fragment thereof, or an antisense nucleic
acid complementary to a sequence encoding GLI1 or a
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fragment thereof. In some embodiments, the isolated nucleic
acid comprises a sequence selected from SEQ ID NOS:01-
10. In some embodiments, the isolated nucleic acid com-
prises SEQ ID NO:01.

In some embodiments, the nucleic acid encoding GLI1
comprises a nucleic acid encoding GLI1-130, or the GLI1
protein comprises GLI1-130 isoform.

In some embodiments, the platinum-based chemothera-
peutic compound is selected from the group consisting of
cisplatin, carboplatin, nedaplatin, oxaliplatin, satraplatin,
and triplatin tetranitrate.

In some embodiments, the cell is a mammalian cell. In
some embodiments, the cell is a human cell. In some
embodiments, the cell is a cancer cell. In some embodi-
ments, the cell is an ovarian cancer cell. In some embodi-
ments, the cell is in vivo. In some embodiments, the cell is
in vitro.

Methods of Inhibiting Influx, Efflux and Metabolism of
Platinum-Based Chemotherapeutic Compounds

Some embodiments include methods of inhibiting the
influx of a platinum-based chemotherapeutic compound in a
cell comprising reducing the level of a nucleic acid encoding
GLI1 or reducing the level of GLI1 protein in the cell. More
embodiments include methods of inhibiting the efflux of a
platinum-based chemotherapeutic compound in a cell com-
prising reducing the level of a nucleic acid encoding GLI1
or reducing the level of GLI1 protein in the cell.

In some embodiments, the level of a nucleic acid encod-
ing GLI1 or the level of GLI1 protein is reduced by
contacting the cell with an isolated nucleic acid selected
from a small hairpin RNA (shRNA), a small interfering
RNA (siRNA), a micro RNA (miRNA), an antisense poly-
nucleotide, and a ribozyme. In some embodiments, the
isolated nucleic acid comprises a sequence encoding anti-
sense GLII or a fragment thereof, or an antisense nucleic
acid complementary to a sequence encoding GLI1 or a
fragment thereof.

In some embodiments, the level of the platinum-based
chemotherapeutic compound in the cell contacted with the
isolated nucleic acid which reduces the level of a nucleic
acid encoding GLI1 or the level of GLI1 protein is increased
compared to the level of the platinum-based chemothera-
peutic compound in a cell not contacted with the isolated
nucleic acid which reduces the level of a nucleic acid
encoding GLI1 or the level of GLI1 protein. In some
embodiments, the level of the platinum-based chemothera-
peutic compound in the cell is increased by at least about
100%, 90%, 80%, 70%, 60%, 50%, 40%, 30%, 20%, and
10%.

In some embodiments, the nucleic acid encoding GLI1
comprises a nucleic acid encoding GLI1-130, or the GLI1
protein comprises GLI1-130 isoform.

In some embodiments, the platinum-based chemothera-
peutic compound is selected from the group consisting of
cisplatin, carboplatin, nedaplatin, oxaliplatin, satraplatin,
and triplatin tetranitrate.

Some embodiments include methods of inhibiting tran-
scription of a gene selected from the group consisting of
CTRI1, CTR2, ATP7A, ATP7B, OCT1, OCT2 and OCT3,
comprising reducing the level of a nucleic acid encoding
GLI1 or reducing the level of GLI1 protein in the cell. In
some embodiments, the level of a nucleic acid encoding
GLI1 or the level of GLI1 protein is reduced by contacting
the cell with an isolated nucleic acid selected from a small
hairpin RNA (shRNA), a small interfering RNA (siRNA), a
micro RNA (miRNA), an antisense polynucleotide, and a
ribozyme. In some embodiments, the isolated nucleic acid
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comprises a sequence encoding antisense GLI1 or a frag-
ment thereof, or an antisense nucleic acid complementary to
a sequence encoding GLI1 or a fragment thereof.

Some embodiments include methods of inhibiting tran-
scription of a gene selected from the group consisting of
CTRI1, ATP7B, OCT1, OCT2 and OCT3, comprising reduc-
ing the binding og the AP-1 protein to AP-1 binding sites in
the promoter of said gene. In some embodiments, the
binding of AP-1 is inhibited by reducing the level of a
nucleic acid encoding GLI1, a nucleic acid encoding c-fos,
a nucleic acid encoding c-jun, or reducing the level of GLI1
protein, c-fos protein, or c-jun protein in the cell. In some
embodiments, the level of a nucleic acid encoding GLI1, a
nucleic acid encoding c-fos, a nucleic acid encoding c-jun,
or reducing the level of GLI1 protein, c-fos protein, or c-jun
protein is reduced by contacting the cell with an isolated
nucleic acid selected from a small hairpin RNA (shRNA), a
small interfering RNA (siRNA), a micro RNA (miRNA), an
antisense polynucleotide, and a ribozyme. In some embodi-
ments, the binding of AP-1 is inhibited by reducing the level
of a nucleic acid encoding GLI1 or reducing the level of
GLI1 protein, wherein the isolated nucleic acid comprises a
sequence encoding antisense GLI1 or a fragment thereof, or
an antisense nucleic acid complementary to a sequence
encoding GLI1 or a fragment thereof.

Some embodiments include methods of inhibiting tran-
scription of a gene selected from the group consisting of
CTR1, CTR2, ATP7A, and ATP7B, comprising reducing the
binding of the c-jun protein to c-jun binding sites in the
promoter of said gene. In some embodiments, the binding of
c-jun is inhibited by reducing the level of a nucleic acid
encoding GLI1, a nucleic acid encoding c-fos, or reducing
the level of GLI1 protein, or c-fos protein in the cell. In some
embodiments, the level of a nucleic acid encoding GLI1, a
nucleic acid encoding c-fos, or reducing the level of GLI1
protein, or c-fos protein is reduced by contacting the cell
with an isolated nucleic acid selected from a small hairpin
RNA (shRNA), a small interfering RNA (siRNA), a micro
RNA (miRNA), an antisense polynucleotide, and a
ribozyme. In some embodiments, the binding of c-jun is
inhibited by reducing the level of a nucleic acid encoding
GLI1 or reducing the level of GLI1 protein, wherein the
isolated nucleic acid comprises a sequence encoding anti-
sense GLI1 or a fragment thereof, or an antisense nucleic
acid complementary to a sequence encoding GLI1 or a
fragment thereof.

In some of the foregoing embodiments, the level of a
particular nucleic acid is reduced by contacting the cell with
an isolated nucleic acid selected from a small hairpin RNA
(shRNA), a small interfering RNA (siRNA), a micro RNA
(miRNA), an antisense polynucleotide, and a ribozyme. In
some embodiments, the isolated nucleic acid comprises a
sequence encoding antisense GLI1 or a fragment thereof, or
an antisense nucleic acid complementary to a sequence
encoding GLI1 or a fragment thereof. In some embodiments,
the isolated nucleic acid comprises a sequence selected from
SEQ ID NOS:01-10. In some embodiments, the isolated
nucleic acid comprises SEQ 1D NO:01.

In some embodiments, the nucleic acid encoding GLI1
comprises a nucleic acid encoding GLI1-130, or the GLI1
protein comprises GLI1-130 isoform.

In some embodiments, the platinum-based chemothera-
peutic compound is selected from the group consisting of
cisplatin, carboplatin, nedaplatin, oxaliplatin, satraplatin,
and triplatin tetranitrate.

In some embodiments, the cell is a mammalian cell. In
some embodiments, the cell is a human cell. In some
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embodiments, the cell is a cancer cell. In some embodi-
ments, the cell is an ovarian cancer cell. In some embodi-
ments, the cell is in vivo. In some embodiments, the cell is
in vitro.

Methods to reduce the level of a nucleic acid encoding
c-fos, a nucleic acid encoding c-jun, c-fos protein, or c-jun
protein in a cell are well known in the art. Some methods are
described that relate to reducing the level of a nucleic acid
encoding GLI1 or GLI1 protein may be applied in such
methods also. Examples of nucleic acids encoding c-fos and
c-jun useful in such methods are shown in the following
table.

human c-fos; Accession number: NM 005252
1 attcataaaa cgcttgttat aaaagcagtg gctgecggcgce
ctecgtactcc aaccgcatct

61 gcagcgagca tetgagaage caagactgag cceggeggecg
cggegeageyg aacgageagt

121 gaccgtgcetce ctacccaget ctgctccaca gcegcccacct
gtctecgece cteggeccct

181 cgcccggett tgcctaaccyg ccacgatgat gttetegggce
ttcaacgcag actacgaggc

241 gtcatcctece cgctgcagca gecgcgtceccce ggccggggat
agcctetett actaccactce

301 acccgcagac tccttcectceca gcatgggectce gectgtcaac
gcgecaggact tctgcacgga

361 cctggcegte tccagtgcca acttcattcce cacggtcact
gccatctega ccagtccgga

421 cctgcagtgg ctggtgcagce ccgccectegt ctcecteegtyg
gcceecatege agaccagagce

481 ccctcaccct ttcecggagtece cegecceccte cgctgggget
tactccaggg ctggegttgt

541 gaagaccatg acaggaggcc gagcgcagag cattggcagg
aggggcaagg tggaacagtt

601 atctccagaa gaagaagaga aaaggagaat ccgaagggaa
aggaataaga tggctgcagce

661 caaatgccgc aaccggagga gggagctgac tgatacactce
caagcggaga cagaccaact

721 agaagatgag aagtctgctt tgcagaccga gattgccaac
ctgctgaagg agaaggaaaa

781 actagagttc atcctggcag ctcaccgacc tgcctgcaag
atccctgatg acctgggett

841 cccagaagag atgtctgtgg cttceccttga tetgactggg
ggcctgecayg aggttgccac

901 cccggagtct gaggaggcect tcaccctgece tetectcaat
gaccctgage ccaagececte

961 agtggaacct gtcaagagca tcagcagcat ggagctgaag
accgagecct ttgatgactt

1021 cctgtteccca gcatcatcca ggcccagtgg ctetgagaca
gceegeteeyg tgccagacat

1081 ggacctatct gggtccttet atgcagcaga ctgggagect
ctgcacagtyg gctccetggg

1141 gatggggccce atggccacag agctggagcec cctgtgcact
ccggtggtea cctgtactcec

1201 cagctgcact gcttacacgt cttecttegt cttcacctac
ccegaggetyg actcecttece
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1261

1321

1381

1441

1501

1561

1621

1681

1741

1801

1861

1921

1981

2041

2101

human

61

121

181

241

301

361

421

481

541

601

cagctgtgea
gagccttect

cagctcacce
ggggaggcag

caagtgccac
aacacatctt

ttcctgtaga
acaccaggcet

aggacttgaa
tctteeggag

acgcatggag
getggtagtt

tgagccagge
tagtcttete

ctaatctatt
gatattttca

agtgcagcetyg
atagtgtgtt

atgaccaata
ctggtagata

gctatatcca
tcattgtaat

atgcattgtt
ttttccatga

ttgtgttttt
tttatatttt

ttttctacct
tgaatgaaaa

tgtttgctta
taagttgaat

60

-continued

getgeccace
ctgacteget

acgctgetygyg
ccggcacceca

tgcccgaget
ccctagaggyg

cctagggagyg
gtgggcectca

agcatccatg
atgtagcaaa

tgtgtattgt
agtagcatgt

ctgggtetgt
atagcattaa

gggttcatta
aattgtatct

attttaacaa
ctgattagaa

ttatactaag
gaaataaata

tgtactgtag
gttactgatc

gaggtggtet
aaacgtttta

aatttattta
tattttattt

tgaggtettt
atttaagcat

ttgttccaag
gcgaccaa

gcaagggcag

ccctgtgagy

ggtgcattac

accttatctyg

tgtggactca

tcccagtgac

gtctetttte

ttggaattaa

taactactgt

aaaagatacg

tttttcttca

gaatgttctg

ttaagatgga

tgacatgtgyg

acattgtcaa

cagcagcaat

dggcagggaa

agagaggaga

tgecgtgaaac

agtccttacce

acttcagaga

tctttetect

cectggtgetyg

gttecctggea

actttatttt

acatcaatgt

acattaacag

ttctecagata

aaagtgaatt

taaaagcatt

c-jun; Accession number: NM 002228

gacatcatgg
aagtgttgag

ataagggctce
aggcgggagt

ggagtcagge
cggcagtata

caaatcttat
agctagegec

gggctggtgt
geegecceeg

cctgetgece
gtacccacgce

ggaagtcggce
gctgggagga

gtggcagagt
cgtettagge

cggtaaagac
gaaggacgtg

cgctegeace
ggctgecggyg

ccctageage
cggccaagac

gctattttta
ctcgggctgg

agagttgcac
ggaggtgcge

agacagacag
gtcegaactg

tttcttttca
tgtggctece

ttegggagty
dgaggagagce

aggcgetgtt
gecegecggg

gagcggctge
ccggagacaa

cceggagega
ttcteccacgy

cagaaggcgg
cgctcagett

ggttgttgaa
cgeceeectee

ggaggagggg
cegecgecgyg

ggggttgact

tgagtgtgge

acacagccag

ccttetetet

tccagagage

gacagceggceg

agcagcaaag

acttttgcaa

cggagageca

cttgggcgag

acaagtcgte

ggtagcagat

tgaagcageg

ccagecaggt

aactgcecag

ctggtcteca

gaaagcagcg

aactttececeg

gectttecty

cgcaagagaa

cgegagecge

ggagtccggg



661

721

781

841

901

961

1021

1081

1141

1201

1261

1321

1381

1441

1501

1561

1621

1681

1741

1801

1861

1921

1981

2041

2101

2161

2221

ceggecactyg
gagccgetge

gagttecgect
agcgetcagt

gacttttcaa
agagtgcggg

attaaccctyg
gcagcgggga

cgggtgegtyg
ctcegggggy

ceceegettge
cgegeagecc

cacgtgaagt
aacgacctte

ccctecaacge
tggctacagt

tcctgaaaca
ggggagectyg

tcegegecaa
ggggctgete

cgecegaget
gcacatcacc

cceecaccca
gcaggagggce

gcttegtgeyg
gctgeccage

cggegeagec
ggtagecteg

gcagcggcag
gceegeeggte

tcagcaactt
ggcgeectee

ceggectgge
gcegecgeac

agcagatgec
ggaggagect

ccgagatgec
catggagtcc

tcaaggegga
ctecaagtge

agctggagag
cttgaaaget

agctggegte
acagcttaaa

tgaaccacgt
gcagttgcaa

gagagaccgt
taacacagag

gagaacttga
ccgagaacta

tatccaagtt
gtgtgcacga

cttggegege
gcectgeggge

61

-continued

cagggteege
tctgggaagt

gcggactecg
gagtgaccge

agcegggtag
aggcatctta

cgetecetgyg
cgacagecag

cgetettaga
cgegggtgte

cagagcectyg
aaactaacct

gacggactgt
tatgacgatg

ctegttecte
aaccccaaga

gagcatgacc
aagccgeacce

gaactcggac
aagctggegt

ggagcgectyg
accacgecga

gttectgtge
ttegecgagy

cgeectggec
gtcacgtegy

ggtcaacggy
gtggcagggg

cggeggette
tacgcaaacc

caacccaggce
tacggegegy

ctttecegey
cacctgecec

cgtgecageac
cagacagtgce

cggegagaca
caggagegga

gaggaagcge
cgaaaaagga

aatcgeeegyg
cagaactcgg

cacggccaac
cagaaagtca

taacagtggg
acattttgaa

cgggggctga
agacagactt

caagttgega
aagccaaggg

ggactgggtt
gtgggaagga

ccteecttgyg
tgecceegett

actgatcege

aggaaccget

c¢gegegegag

agcgagetgg

gaaactttcc

ttgeggecee

tctatgactg

cegtecgaga

ctgaacctgg

ctcctcecacct

ataatccagt

cccaagaacyg

gaactgcaca

gcaggcatgg

agcgecagec

gcgetgagea

caaccccagce

cegeggetge

cegecectgt

atgaggaacc

ctggaggaaa

atgctcaggg

tgccaactca

ggggcaacga

cggagagaaa

gegtectgac

cgtggageca

US 9,464,291 B2

tccgcgggga

gcegeccgaag

tcgacaagta

tgaggagggce

ctgtcaaagg

gaaacttgtyg

caaagatgga

gcggacctta

ccgacccagt

cgeecgacgt

ccagcaacgg

tgacagatga

gccagaacac

tggctecege

tgcacagega

geggeggegy

agcagcagea

aggcectgaa

cceecatega

gcatcgetge

aagtgaaaac

aacaggtggce

tgctaacgeca

agaaaaaaaa

aaagaagtgt

ggcgccceca

dggagceggec
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-continued

2281 tgcggacggg ctgtccccge gcgaacggaa cgttggactt
ttegttaaca ttgaccaaga

2341 actgcatgga cctaacattc gatctcattc agtattaaag
gggggagggyg gagggggtta

2401 caaactgcaa tagagactgt agattgcttc tgtagtactc
cttaagaaca caaagcgggyg

2461 ggagggttgg ggaggggcgy caggagggag gtttgtgaga
gecgaggetga gectacagat

2521 gaactctttc tggcctgcct tcegttaactg tgtatgtaca
tatatatatt ttttaatttyg

2581 atgaaagctg attactgtca ataaacagct tcatgccttt
gtaagttatt tcttgtttgt

2641 ttgtttgggt atcctgccca gtgttgtttg taaataagag
atttggagca ctctgagttt

2701 accatttgta ataaagtata taattttttt atgttttgtt
tctgaaaatt ccagaaagga

2761 tatttaagaa aatacaataa actattggaa agtactcccc
taacctcttt tctgcatcat

2821 ctgtagatac tagctatcta ggtggagttg aaagagttaa
gaatgtcgat taaaatcact

2881 ctcagtgctt cttactatta agcagtaaaa actgttctct
attagacttt agaaataaat

2941 gtacctgatg tacctgatgc tatggtcagg ttatactcect
ccteccccag ctatctatat

3001 ggaattgctt accaaaggat agtgcgatgt ttcaggaggc
tggaggaagg ggggttgcag

3061 tggagaggga cagcccactg agaagtcaaa catttcaaag
tttggattgt atcaagtgge

3121 atgtgctgtg accatttata atgttagtag aaattttaca
ataggtgcett attctcaaag

3181 caggaattgg tggcagattt tacaaaagat gtatccttcecc
aatttggaat cttctctttg

3241 acaattccta gataaaaaga tggcctttgce ttatgaatat
ttataacagc attcttgtca

3301 caataaatgt attcaaatac caaaaaaaaa aaaaaaaa

EXAMPLES
Example 1

Expression Levels of GLI1 and OPN Increase with
the Development and Progression of Melanoma

Activation of the Hedgehog pathway results in nuclear
translocation of GLI1 transcription factors and up-regulation
of target genes. Microarray analysis of genes that were
differentially regulated by the Hedgehog pathway revealed
that OPN expression was up-regulated. Clinically derived
primary cutaneous cancers and melanoma specimens were
profiled by gene expression analysis and it was shown that
the expression of OPN was increased 67.3-fold in metastatic
melanoma samples when compared with primary cancer
samples. This data set was queried for the changes in the
expression of GLI1 and OPN with disease progression. As
seen in FIG. 2A, the expression of GLI1 and OPN increase
with the progression of the disease to metastatic melanoma.
Specifically, the expression of GLI1 notably increases in thin
(up to 1.5 mm in Brelsow thickness) and intermediate (up to
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4.0 mm in Brelsow thickness) melanoma specimens and
continues to increase as the condition progresses to thick
melanoma (>4 mm in Breslow thickness) and beyond into
metastatic melanoma. The increase in GLI1 expression in
the metastatic melanoma specimens is significantly higher
(p<0.05) as compared with the melanoma in situ (MIS)
specimens. In parallel, the expression of OPN also increases
as the MIS progresses to thin/intermediate melanoma and
beyond into thick and metastatic melanoma. The levels of
OPN expression in the thick and metastatic melanoma
specimens are significantly greater compared with the cor-
responding OPN levels in the MIS specimens (p=0.018 and
0.0018, respectively). The relative expression of GLI1 in
metastatic melanoma averages (+S.E.) 80.6x18.5 units,
whereas the relative expression of OPN peaks at
16,760£1324 units. This finding underscores the fact that
small changes in expression of the transcription factor,
GLI1, correlates with changes of a large magnitude in the
levels of OPN.

Example 2

OPN is Transcriptionally Up-Regulated by the
Hedgehog Pathway

To determine whether OPN expression is regulated by
Hedgehog pathway signaling three metastatic melanoma-
derived cell lines, MCCO012A, MCCO12F, and MDAMB-
435 were studied. To establish autocrine Hedgehog signal-
ing, the cell lines should express the Hedgehog pathway
products, including the receptor PTCH, the ligand SHH, and
the transcription factor GLI1. As seen in FIG. 3, all three
melanoma cell lines express Hedgehog pathway members
indicating that the cell lines are capable of autocrine Hedge-
hog signaling. The expression of these Hedgehog members
is significantly greater (p<0.0001) in metastatic melanoma
cell lines compared with that in the primary melanoma-
derived cell line, MCCO013. All the three metastatic mela-
noma cell lines also express significantly higher levels of
OPN (p<0.0001) compared with MCCO013 (FIG. 3D).

The effect of the Hedgehog inhibitor, cyclopamine, was
tested on OPN levels (19). As seen in FIG. 2B and FIG. 2C,
cyclopamine significantly (p<0.05) decreases the levels of
OPN mRNA in a dose-dependent manner in two metastatic
melanoma-derived cell lines, MCC012A and MCCOI12F,
and in MDA-MB-435 cells (p<0.0001), suggesting that
blocking the Hedgehog pathway interferes with the tran-
scription of OPN. Cyclopamine treatment also decreases the
activity of the OPN promoter in a dose-dependent manner
(FIG. 2D). In contrast, tomatidine, the structural analog of
cyclopamine, had no effect on the promoter activity of
cyclopamine.

The decreases in the levels of OPN mRNA are also
reflected in the decreased levels of OPN protein in the
secretome of cyclopamine-treated cells (FIG. 2E). This
effect was more pronounced at time intervals of 24 and 36
h post-treatment, when a lower concentration of cyclo-
pamine was also able to inhibit OPN. In contrast to the
inhibitory effect of cyclopamine, treatment of MDA-MB-
435 cells with SHH and IHH ligands (FIG. 2F and FIG. 2G)
significantly (p<0.0001) up-regulated the promoter activity
of OPN in a dose-dependent manner. Similarly, SHH and
IHH caused a significant up-regulation in promoter activity
of OPN in MCCOI12A (p<0.01) and MCCO12F (p<0.005)
(FIG. 2H). SHH was also able to reverse and rescue the
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inhibitory effects of cyclopamine on the levels of the OPN
transcript thereby re-instating Hedgehog signaling (FIG. 21).

Example 3

GLI1 Up-Regulates OPN

Signaling via the Hedgehog pathway culminates in the
transcription of target genes by the GLI transcription factors.
The role of transcription factor GLI1 in mediating the effects
of the Hedgehog pathway on OPN was tested. The promoter
region of human OPN was scanned (up to 1 kb upstream of
transcription start site) for GLI1-binding sites using
TFSEARCH and identified a putative GLI1 binding site at
position -243 to -259 (5-TGCTGAATGCCCATCCC-3'
(SEQ ID NO:12)).

As shown in FIG. 4A, co-transfection of a GLI1 express-
ing construct with an OPN promoter construct (OPN-352;
encompassing the -352 to -112 region) brought about a
significant (p<0.0001) increase in the activity of the OPN
promoter. The putative GLI1-binding site in the OPN pro-
moter differs from the consensus GLI1-binding site by 3
nucleotides as shown in FIG. 4A. This site was abolished
from the OPN-352 promoter and replaced it with a NotI site,
keeping the distance from the transcription site unchanged;
no other transcription factor-binding site was generated by
this replacement. This mutant OPN construct, OPN-352+,
was unable to respond to GLI1, indicating that this site on
the OPN promoter was critical to its ability to be activated
by transcription factor GLI1 (FIG. 4A). Additionally, OPN-
2™t g refractory to the effects of SHH and IHH. As seen in
FIG. 4B, whereas OPN-352 (bearing the GLI1-recognition
site) shows a notable increase ((p<0.0001) in promoter
activity in the presence of stimulation by SHH and IHH,
OPN-352* js immune to the potentially activating effects
of SHH and THH.

To determine whether GLI1 physically associates with the
OPN promoter, cross-linked chromatin from MDA-MB-435
cells was immunoprecipitated with an anti-GLI1 antibody
and amplified the region of the OPN promoter that bears the
GLI1 recognition sequence (FIG. 4C), implying that GLI1
associates with the OPN promoter. Specificity of the ChIP
assay was controlled by performing PCR of the chromatin
immunoprecipitated using primers located approximately 1
kb upstream of the GLI1 recognition sequence (16) in the
OPN promoter. The absence of a product using these primers
confirms specificity of the pulldown. Thus, the data shows
that OPN is transcriptionally activated by GLI1.

Example 4

Knockdown of Endogenous GLI1 Blunts the
Malignant Behavior of Tumor Cells

To evaluate the functional effects of active Hedgehog
signaling stable cell lines that were knocked down for GLI1
expression by RNA interference were generated. The effi-
cacy of three shRNA constructs for silencing GLI1 expres-
sion was assessed. TABLE 2 shows details of the region in
GLI1 transcript that was targeted by the shRNAs used to
assess efficacy of silencing GLI1
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TABLE 2
Position
from start
codon per
Oligo- Targeted Genbank
shRNA nucleotide SEQ ID GLI1 mRNA sequence
notations designation NO sequence X07384
GLI1 X07384_314 SEQ ID CCTCGTAGCT 314
shRNA-1 NO: 01 TTCATCAAC
GLI1 X07384_325 SEQ ID TCATCAACTC 325
shRNA-2 NO: 02 GCGATGCAC
GLI1 X07384_1108 SEQ ID CCAAACGCTA 1108
shRNA-3 NO: 03 TACAGATCC

The two shRNA constructs that demonstrated more effec-
tive GLII silencing, shRNA-1 and shRNA-2; overlap in the
region they target. Using vector construct GLI1 shRNA-1
(FIG. 5A), four clones stably silenced for GLI1 expression
were generated. All four clones also showed significantly
reduced OPN expression. Of the four stable clones, clones
KO1 and KO4 expressed the least amount of GLI1 followed
by clones KO2 and KO3 (FIG. 6A and FIG. 6B). KO1 and
KO4 were used for further detailed studies. TABLE 3 shows
candidate sequences based on human mRNA for GLI1
protein that may be used to generate more shRNA con-
structs.

TABLE 3

Position from
start codon

SEQ ID Targeted GLI1 mRNA per Genbank
NO seqguence sequence X07384
SEQ ID CCTCGTAGCTTTCATCAAC 314
NO: 01

SEQ ID TCATCAACTCGCGATGCAC 325
NO: 02

SEQ ID CCAAACGCTATACAGATCC 1108
NO: 03

SEQ ID CCCTCGTAGCTTTCATCAA 313
NO: 04

SEQ ID CGTAGCTTTCATCAACTCG 317
NO: 05

SEQ ID GTAGCTTTCATCAACTCGC 318
NO: 06

SEQ ID TAGCTTTCATCAACTCGCG 319
NO: 07

SEQ ID TTCATCAACTCGCGATGCA 324
NO: 08

SEQ ID CATCAACTCGCGATGCACA 326
NO: 09

SEQ ID ATCAACTCGCGATGCACAT 327
NO: 10

The Hedgehog pathway has been reported to influence the
expression of signature proteins that mediate epithelial-
mesenchymal transition (EMT). Hence GLI1-knocked down
clones KO1 and KO4 for the status of these signature
markers were examined. As seen in FIG. 6C, expression of
vimentin, SNAI2, and N-cadherin were notably decreased in
KO1 and KO4 suggesting loss of the mesenchymal pheno-
type in GLI1-knocked down cells. Concomitant expression
of E-cadherin in KO1 and KO4 was not documented.
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GLI1-silenced cells for their in vitro attributes of aggres-
siveness, viz. cell migration, invasion, and motility were
tested. Although GLI1 silencing had no significant effect on
cell motility measured with a scratch assay (FIG. 7A), cells
in which GLI1 has been silenced showed statistically sig-
nificant (p<0.0001) decreases in cell migration and invasion
measured in modified Boyden chamber assays (FIG. 7B and
FIG. 7C). There was no statistically significant (p<0.05)
effect of GLI1 silencing on cell proliferation in vitro (FIG.
5B). To examine the effect of GLI1 knockdown on the
ability of cells to grow tumors as xenografts, GLI1-silenced
cells and the corresponding vector-only and scrambled con-
trol cells were injected into athymic nude mice. Although
there was no change in the tumor take rate, there was slower
growth rate of GLI1-silenced cells up to day 11 (FIG. 7D);
the rate of growth subsequent to day 11 was similar between
control and silenced cells. The implications of these obser-
vations are discussed further herein. In general, cells
silenced for GLI1 showed a significantly (p<0.005) slower
growth of tumors over the monitored time course. This was
also reflected in the significantly (p<0.005) decreased num-
bers of pulmonary metastases (FIG. 7E) resulting from
spontaneous metastasis of the injected cells. FIG. 8 shows
the incidence of bone metastasis for cells transfected with
constructs that inhibit OPN. GLI1-silencing reduced the
incidence of bone metastasis. In summary, the results sug-
gest that GLI1 silencing has little or no effect on prolifera-
tion or primary xenograft growth, but has a marked effect on
metastasis. Thus, expression of GLI1 plays a functionally
important role in the malignant behavior of tumor cells.

Example 5

OPN Mediates the Effect of GLI1 on Malignant
Cell Behavior

To determine the role of OPN in mediating GLI1 effects
the effects of OPN in GLI1-KO cells was restored. This was
assessed in two ways: (a) the GLI1-knocked down cells
were treated with recombinant OPN and (b) the GLI1-
knocked down cells were stably transfected with a plasmid
construct expressing human OPN (FIG. 9A). These cells
were then monitored in vitro for properties of migration,
invasion, and motility. When the GLI1-knocked down cells
were cultured in the presence of OPN, KO1 and KO4 cells
were restored for the ability to migrate (p<0.0001) (FIG. 9B)
and invade through MATRIGEL (FIG. 9C) in much larger
numbers (p<0.005) compared with untreated cells. Motility
of GLI1-silenced cells was also restored in KO1 cells
(p<0.05) and KO4 cells in the presence of recombinant OPN
(p<0.05) (FIG. 9D). The levels of the OPN receptor, CD44,
were comparable in the vector-only and KO cells (FIG. 5C),
implying that both cell types should be receptive and respon-
sive to OPN.

Similarly, stably restoring the expression of OPN (FIG.
9A) in the GLI1-knocked down cells reinstated the ability of
the cells to chemotactically migrate through a filter (8 pm
pores) (FIG. 9B), invade through MATRIGEL (FIG. 9C),
and restore the ability of the cells to move laterally (in a
scratch motility/wound healing assay) (FIG. 9D). Restora-
tion of OPN expression in GLI1-silenced (KO1) cells caused
the cells to form rapidly growing tumors in mice (FIG. 9E).
As compared with KO1 cells transfected with empty vector
(KO1-pcDNA3), the two clones restored for OPN, viz.
KO1/OPN.5 and KO1/OPN.8, formed tumors that grew
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faster than control cells. This implied that regulation of OPN
by the Hedgehog pathway plays a role in the malignant
properties of cancer cells.

Example 6
Experimental Procedures

Cell Culture—The melanoma cell lines, MCCO12A and
MCCO12F, used were established from two subcutaneous
metastatic nodules from the same patient. Cells were grown
in a Dulbecco’s modified minimum essential medium, F-12
mixture (1:1) (Invitrogen) supplemented with 5% heat inac-
tivated fetal bovine serum (Atlanta Biologicals, Lawrence-
ville, Ga.), 200 uM sodium pyruvate (Invitrogen), and 20
UM non-essential amino acids (Invitrogen). All cells were
maintained in a humidified 5% CO, environment. MDA-
MB-435 cells were also cultured under similar conditions.

Generation of Stable Transfectants—FEndogenous GLI1
from MDA-MB-435 cells was silenced using shRNAs (short
hairpin RNA) cloned into pSuperior.neo+gfp plasmid (Oli-
goEngine, Seattle, Wash.) (TABLE 1). Introduction of
double-stranded RNA has proven to be a powerful tool to
suppress gene expression through a process known as RNA
interference (P. A. Sharp, Genes Dev. 13, 139 (1999)).
However, in some mammalian cells this can provoke a
strong cytotoxic response (1. Hunter, T. Hunt, R. J. Jackson,
H. D. Robertson, J. Biol. Chem. 250, 409 (1975)). This
non-specific effect can be circumvented by use of synthetic
short [21- to 22-nucleotide (nt)] interfering RNAs (siRNAs),
which can mediate strong and specific suppression of gene
expression (S. M. Elbashir et al., Nature 411, 494 (2001)).
shRNAs included a target sequence sense strand, a short
hairpin, and a target sequence antisense strand.

Stable vector only and non-targeting (scrambled control)
transfectants were also generated. Stable transfectants were
selected on medium supplemented with 500 pg/ml Geneticin
(Invitrogen). The four GLI1-knocked down clones chosen
were based on the extent of GLI1 knockdown and were
termed KO1, KO2, KO3, and KO4. The expression of OPN
was restored in the KOl cells by transfecting with
pcDNA3.1-OPN. A corresponding vector-only transfectant
was also generated. Transfectants were selected on medium
containing Geneticin (500 pg/ml) and hygromycin (750
pg/ml). Serum-free conditioned medium harvested from
approximately 3.0x10° cells after 24 hr was assayed for
OPN by immunoblotting. To test the inhibitory effect of
cyclopamine on Hedgehog pathway activation, cells were
cultured in Dulbecco’s modified minimum essential medium
supplemented with 0.5% fetal bovine serum and treated for
the indicated time intervals with dimethyl sulfoxide (vehicle
control), 10 and 20 uM cyclopamine (Sigma).

Western Blotting Analysis—Whole cell lysates were col-
lected in Nonidet P-40 buffer (150 mM NaCl, 50 mM Tris,
1% Nonidet P-40). Isolation of cytosolic and nuclear frac-
tions was done as previously reported (15). Total protein (30
ng) was resolved by SDS-PAGE gel and transferred to
polyvinylidene difluoride membranes. Membranes were
immunoblotted overnight at 4° C. with antibodies to OPN
(catalog number 905-629; Assay Designs, Ann Arbor,
Mich.), GLI1 (sc-20687; Santa Cruz Biotechnology, Santa
Cruz, Calif.), CD44 (HCAM) (sc-7946; Santa Cruz Biotech-
nology), vimentin (sc-32322; Santa Cruz Biotechnology),
N-cadherin (catalog 18-0224; Invitrogen), SNAI2 (catalog
H00006591-M02; Novus Biologicals, Littleton, Colo.),
SHH (sc-1194; Santa Cruz Biotechnology), or PTCH1 (sc-
6149; Santa Cruz Biotechnology). Equal loading was con-
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firmed with anti-f-actin (Sigma) antibody. The purity of
cytosolic and nuclear fractions was confirmed with anti-f3-
tubulin (catalog 2146; Cell Signaling, Danvers, Mass.) or
anti-HDAC1 (catalog 2062; Cell Signaling) antibodies,
respectively. Secreted OPN was assessed by loading an
equal quantity of protein from the serum-free conditioned
medium. Corresponding horseradish peroxidaseconjugated
secondary antibodies were used for detection; blots were
developed with SuperSignal enhanced chemiluminescence
substrate (Pierce) and imaged using a Fuji LAS3000 imager.

Expression Constructs—OPN promoter activity was
assessed by a luciferase reporter assay using the human OPN
promoter construct (OPN-352) cloned into pGL3-basic vec-
tor (Promega) (Samant, R. S., et al. (2007) Mol. Cancer 6:
6). The putative GLI1 binding site (Kinzler, K. W., and
Vogelstein, B. (1990) Mol. Cell. Biol. 10, 634-642) (5'-
TGCTGAATGCCCATCCC-3") in the OPN promoter was
disrupted using an inside-out PCR and replaced with a Notl
site using primers: (SEQ ID NO: 13) forward, 5'-CTCA-
GCGGCCGCTAATAAATGAAAAAGC-3' and (SEQ ID
NO: 14) reverse, 5S'-GTTAGCGGCCGCTGAGAGTTCCA-
GGAAG-3". The resultant construct, referred to as OPN-
3524 has a mutated GLI1-binding site.

Luciferase Assay—Cells (40,000) were transfected with
pGL3-OPN-352 or pGL3-OPN-352** in combination with
pLNCX or pLNCX-GLI1 as previously described (16).
Empty pGL3 vector was used as control. Hedgehog ligands
were added to the well 6 h prior to harvesting the cells
(approximately 33 hr of initiation of transfection) for assay.
Readings were normalized to total protein content. Each
parameter was studied in triplicate and the experiment
repeated at least 3 times. The data are represented as percent
luciferase activity, which was derived as a percent of the
relative light units in treated groups compared with the
untreated groups.

Quantitative RT-PCR (qRT-PCR)-cDNA was generated
using High Capacity Reverse Transcriptase Kit (Applied
Biosystems, Foster City, Calif.). Real time PCR was per-
formed using a Bio-Rad iQ5 Real-Time Detection system
(Bio-Rad). All reactions were done as three independent
replicates. All assays were done using the TagMan Gene
Expression Assays from Applied Biosystems. OPN (SPP1:
Hs 00959010_m1) transcript levels were normalized to
glyceraldehyde-3-phosphate dehydrogenase (Hs
99999905_m1) levels (3CT), which was used to calculate
changes in OPN expression (27°°“7). To analyze the effect
of cyclopamine treatment on OPN expression, untreated
samples were set as calibrator (control) and compared with
their respective treated samples. GLI1 and SHH (Hs
00179843_m1) expressions were also similarly assessed
with glyceraldehyde-3-phosphate dehydrogenase as an
endogenous control. To analyze the knockdown effective-
ness, “scrambled transfectants” of MDA-MB-435 was set as
calibrator.

Chromatin Immunoprecipitation Assay—MDA-MB-435
cells were utilized for chromatin immunoprecipitation using
the ChIP-IT Express enzymatic kit (Active Motif, Carlsbad,
Calif.) following the manufacturer’s protocol using GLI1
(N-16) X TransCruz antibody (Santa Cruz Biotechnology;
sc-6153 X). The recovered DNA was PCR amplified using
primers: forward, (SEQ ID NO: 15) 5-GTTTTTC-
CCTACTTTCTCCC-3' and reverse, (SEQ ID NO: 16)
5'-CCAAAAACGCACACACAC-3' to amplify a 145-bp
segment of the OPN promoter containing the putative GLI1
binding site. The specificity of the pull-down was confirmed
by amplifying a region approximately 1 kb upstream from
the PCR product containing the GLI1 site tested. The
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primers used were: (SEQ ID NO: 17) 5'-TTCCCCCTAC-
CAAATGTTCA-3' and (SEQ ID NO: 18) 5-TGCTG-
CAAAAGTAATTGTGGTT-3". The PCR generates a 151-
bp product. This segment lacks a predicted GLI1-binding
site.

In Vitro Proliferation Assay—Cells (5000) of each cell
type were seeded per well in separate 96-well plates. Cells
were allowed to grow in complete medium for 6 days. Every
day after initial seeding cells were harvested by trypsiniza-
tion and counted in a hemocytometer. Counting for each cell
type for each day was done in triplicate.

Motility Assay—These experiments were performed as
previously described (Shevde, L. A, et al. (2006) Clin. Exp.
Metastasis 23, 123-133). Images were acquired at T, the
reading at the initial time, and at T,, (10 h later). The
experiment was conducted in duplicate and cell motility was
calculated as (T,-T,,)/T,, which represents the rate of
movement over a 10-h period. For OPN add-back experi-
ments the cells were pretreated for 12 h with 100 ng/ml
human OPN (recombinant R & D Systems) and the assay
conducted in the presence of OPN. Each experimental group
was assessed in duplicate and data were recorded in three
fields per well. Thus, six data points were recorded and
analyzed per experimental group.

Invasion and Migration Assays—These experiments were
performed as previously outlined (18) using a modified
Boyden chamber assay. OPN add-back experiments for
migration and invasion were conducted as described above
with an additional step of pre-treating the cells for 24 h with
rOPN. OPN was added to the upper and lower chambers
(100 ng/ml) to ensure the OPN was present during the entire
duration of the experiment. Each experimental group was
assessed as three independent replicates.

In Vivo Assay—One million (100 pl) cells were injected
into the third mammary fat pad of 6-week-old female
athymic nude mice (Harlan Sprague-Dawley, Indianapolis,
Ind.). Orthogonal tumor measurements were taken twice a
week. The mean tumor diameter was calculated by taking
the square root of the product of orthogonal measurements.
Spontaneous metastasis was monitored as previously
described (18). Eight mice were used for each group and the
entire experiment was repeated once. All animals were
maintained under the guidelines of the National Institutes of
Health and University of South Alabama. All protocols were
approved and evaluated by the Institutional Animal Care and
Use Committee.

Statistical Analysis—Statistical differences between
groups were assessed using the Mann-Whitney test, t test, or
analysis of variance, using GraphPad Prism 4 software.
Statistical significance was determined if the analysis
reached 95% confidence. The precise p values are listed in
the corresponding figure legends. In figures, the error bars
represent mean+S.E.

Example 7

Molecular Analysis of the Crosstalk Between
Breast Cancer Cells Osteoblasts and Osteoclasts
Involving the Hedgehog Pathway and OPN

Cell lines used: Breast cancer (BC) cells: Two metastatic
breast cancer cell lines (i) MDA-MB-231 and (ii) SUM 159.
Osteoblasts (OB): Two osteoblast cell lines. (i) hFOB and,
(i) MC3T3-El pre-osteoblast cells. Both lines produce
OPN. Differentiation of the MC3T3-E1 cells, clone 14 was
studied when cultured under conditions that induce differ-
entiation (presence of ascorbic acid and [-glycerophos-
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phate) (Zunich, S. M., et al. (2009) Mol Cancer 8, 12).
Osteoclasts (OC): Osteoclasts (i) RAW264.7 cells of the
macrophage/monocyte lineage were cultured under condi-
tions to differentiate them into osteoclasts (Narducci, P., et
al. (2009) Ann Anat; Voronov, 1., Li, K., et al. (2008); and
Biochem Pharmacol 75, 2034-2044).

Example 8
Effects of Breast Cancer Cells on Osteoblasts

The role of the Hedgehog pathway in regulating the
expression of OPN in the two osteoblastic cell lines, hFOB
and MC3T3-E1 was assessed. Referring to FIG. 10 and FIG.
11, in hFOB cells, treatment with cyclopamine inhibited the
transcription of OPN and the ligand, sonic hedgehog (SHH)
stimulated the promoter of OPN. Similar observations were
seen in the MC3T3-E1 cells (FIG. 12). This that OPN is
regulated via the Hedgehog pathway in these two cell lines.

The procedure for differentiation of osteoblasts was stan-
dardized. MC3T3-E1 cells were cultured in the presence of
ascorbic acid and p-glycerophosphate. Mineralization was
examined by Alizarin RedS staining (Ueno, A., et al. (2001).
Matrix Biol 20, 347-355; Lee, Y. K., et al. (2004). J Biomed
Mater Res A 69, 188-195; Duarte, W. R., et al. (2003).
S100A4: a novel negative regulator of mineralization and
osteoblast differentiation. J Bone Miner Res 18, 493-501).
Referring to FIG. 13 and FIG. 14, differentiation was evident
by intense red staining in presence of differentiation medium
and in differentiation medium containing SHH compared to
the control, growth medium. This was also evident in the
intensity of absorbance and in the numbers of mineralized
nodules formed (counted under the microscope) (FIG. 15).

The effect of conditioned culture medium from breast
cancer cells on the differentiation of osteoblasts was
assessed. Referring to FIG. 16 and FIG. 17, the medium
from breast cancer cells (SUM1315 and MDA-MB-231)
interfered with osteoblast differentiation and reduced the
mineralization capability as determined by absorbance fol-
lowing Alizarin Red S staining (FIG. 17A) and number of
nodules (FIG. 17B). SHH is important for osteoblast differ-
entiation. Also, there was a progressive decrease in the
mineralization when the conditioned medium from the
SUM1315 cells and MDA-MB-231 cells was spiked with
the SE1 antibody which neutralizes SHH.

OPN expression by the SUM1315 cells influences osteo-
blast differentiation. Referring to FIG. 17B, medium from
the SUM1315 cells abrogated for OPN expression (OPNi)
by RNAi-mediated silencing, also showed a decrease in
osteoblast differentiation.

Differentiated osteoblasts were stained for their alkaline
phosphatase activity. Alkaline phosphatase is a reliable
marker of osteoblast differentiation (Ebisawa, T., et al.
(1999). J Cell Sci 112 (Pt 20), 3519-3527; Mori, K., et al.
(2008). Cancer Sci 99, 2170-2176; Kitagawa, Y., et al.
(2005). Cancer Res 65, 10921-10929; Mercer, R. R., et al.
(2004). Clin Exp Metastasis 21, 427-435). Referring to FIG.
18, conditioned medium from the breast cancer cells reduced
the levels of alkaline phosphatase in the osteoblasts. As a
control, the total phosphatase level in the cells was assessed.
Referring to FIG. 18, the conditioned medium from the
SUM1315 cells and the MDA-MB-231 cells interfered with
osteoblast differentiation. A darker intensity of the brown
staining of the alkaline phosphatase stained wells suggests
that SHH and OPN promoted osteoblast differentiation.

The expression of sialoprotein and osteocalcin, two
bonafide markers of osteoblast differentiation viz. bone was
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assessed (Wang, J., et al. (2008) J Dent Res 87, 650-654;
Lampasso, J. D., et al. (2006) Int ] Mol Med 17, 1125-1131;
Chou, Y. F., et al. (2005). J Biomed Mater Res B Appl
Biomater 75, 81-90; Wang, D., et al. (1999) J Bone Miner
Res 14, 893-903; Maeda, T., et al. (2004). J Cell Biochem
92, 458-471). Referring to FIG. 19, the expression of the two
molecules was reduced when the osteoblast differentiation
was performed in presence of conditioned medium from the
breast cancer cells. Consistent with other observation, SHH
appears to play a positive role in impacting the osteoblast
differentiation. In sum, these data suggest that the breast
cancer cells inhibit differentiation of osteoblasts.

Example 9
Effects of Breast Cancer Cells on Osteoclasts

Effects of breast cancer cells-conditioned medium on the
differentiation of osteoclasts were examined. Pre-osteoblas-
tic RAW cells were cultured in the presence of M-CSF and
RANKIL. The effects of conditioned medium from breast
cancer cells on osteoclast differentiation were also assessed
(FIG. 20). Differentiated osteoclasts were stained for TRAP
(tartarate-resistant acid phosphatase) activity (Kasugai, C.,
et al. (2009) Immunopharmacol Immunotoxicol 31, 103-
107; Yan, T., et al. (2001) I Cell Biochem 83, 320-325;
Srinivasan, S., et al. (2007) Ann N'Y Acad Sci 1117, 51-61;
Vincent, C., et al. (2009) J Bone Miner Metab 27, 114-119).
The presence of giant cells containing multiple nuclei is
diagnostic of osteoclast-like cells. FIG. 21 and FIG. 22 show
that conditioned medium from the SUM1315 cells and the
MDA-MB-231 cells potentiated the numbers of differenti-
ated osteoclasts. SHH and OPN also promote osteoclast
differentiation. The numbers of osteoclasts in these wells
were counted. As seen in FIG. 23, the numbers of osteoclasts
increased in the presence of medium conditioned by breast
cancer cells. In sum, these data suggest that the breast cancer
cells potentiate differentiation of osteoclasts.

Example 10

Hedgehog Pathway, Osteoclastogenesis and
Osteolysis Experimental Procedures

Cell lines—Human metastatic breast cancer cells, MDA-
MB-231, were cultured in Dulbecco’s Modified Eagle’s
Medium (DMEM/F12; Invitrogen, Carlsbad, Calif.), supple-
mented with 2 mM L-glutamine, 1 mM sodium pyruvate,
0.02 mM non-essential amino acids, 5% fetal bovine serum,
FBS (Atlanta Biologicals, Norcross, Ga.), without antibiot-
ics or antimycotics (¢cDME/F12). SUM1315 and SUM159
cells (DiMeo, T. A, et al. (2009) Cancer Res 69, 5364-5373)
(Asterand, Detroit, Mich.) were cultured in DMEM/F12
supplemented with 5 mg/ml insulin, 5% FBS (Atlanta Bio-
logicals) and either 10 ng/ml EGF or 1 ng/ml hydrocorti-
sone, without antibiotics or antimycotics. The SUM1315
cells are derived from a metastasis in a patient with infil-
trating ductal carcinoma; SUM159 cells were derived from
a primary breast tumor with metaplastic ccarcinoma.
RAW264.7 (ATCC, TIB 71) cells, a murine pre-osteoclastic
line capable of differentiation and mineralization in culture
(in presence of RANKIL and MCSF), were grown in DMEM
with L-glutamine (ATCC, 30-2002) supplemented with 10%
FBS. A 2x differentiation medium (DM) was formulated for
the RAW 264.7 cells comprising RAW264.7 growth
medium supplemented with 20% FBS, RANKL (100 ng/ml)
and M-CSF (40 ng/ml) (Matsubara, T., et al. J Bone Miner
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Res 25, 1068-1076). Conditioned media was harvested from
breast cancer cells and mixed in a 1:1 ratio with double
strength differentiation medium to assess the effect on osteo-
clast differentiation. 1xDM was used as control or wherever
SHH (R & D Systems, Minneapolis, Minn.) or OPN (R &
D Systems) was used alone. The medium on the RAW264.7
cells was replenished every 48 hours. In order to assess the
effect of secreted Hh ligands, the neutralizing SE1 antibody
was used (Developmental Studies Hybridoma Bank, at the
University of lowa, lowa). The amount of SE1 antibody used
for the studies was determined following titration of the
antibody with respect to its effects on osteoclast differen-
tiation. Medium was supplemented with SE1 (2.5 ug/ml) and
was changed on alternate days until the end of the experi-
ment. The effect of OPN on osteoclast activity was assessed
by transfecting an OPN shRNA-expressing construct on day
6 post-induction of differentiation. Fresh DM was added the
following day and cells were allowed to grow for another 12
hours before termination of experiment. GLI1 expression
was silenced in the SUM1315 cells using shRNA targeting
GLI1 into pSuperior. gfp+neo (Oligoengine, Wash., USA).
Silencing of OPN expression was done using OPN-targeting
shRNA cloned into pSuper (Oligoengine)

Osteoclast differentiation and activity assays— Tartarate-
resistant acid phosphatase (TRAP) assay was conducted for
RAW 264.7 following the manufacturer’s protocol (Sigma,
St. Louis, Mo.). This assay was indicative of the extent of
differentiation. OAAS plates (Osteogenic Core Technolo-
gies, Choongnam, Republic of Korea) were utilized to
measure osteoclastic activity. RAW 264.7 cells (25x103)
were inoculated in 48-well plates. Cells were treated with
serum-free conditioned media from breast cancer cells or
100 nM SHH or 100 ng/ml OPN on the following day.
Media was changed every two days and the experiments
were terminated either on day 6 (day 7 for knockdown
experiments, with transfections being done on the sixth day).
At the completion, cells were detached with 5% sodium
hypochlorite and the wells were observed under a Nikon
Eclipse TS 100 microscope at 10x magnification. To test the
inhibitory effect of cyclopamine on osteoclast differentiation
and activity, RAW264.7 cells were cultured in differentia-
tion medium supplemented with 20 puM cyclopamine
(Sigma) dissolved in DMSO (Sigma). Medium containing
cyclopamine was changed every 48 hrs. The percentage of
area resorbed was calculated using the NIS-Elements BR.
3.1 software.

Western Blotting Analysis—Whole cell lysates were col-
lected in NP-40 buffer (150 mM NaCl, 50 mM Tris, 1%
NP-40). Total protein (30 pg) was resolved by SDS-PAGE
gel and transferred to PVDF membranes. Membranes were
immunoblotted overnight at 4° C. with antibodies to either
SHH (Santacruz, Calif., USA) or IHH (Santacruz). Equal
loading was confirmed with anti-f-tubulin (Cell Signaling,
Danvers, Mass.). To assess OPN expression upon SHH
treatment, 105 cells were grown in 6-well plates in the
presence of SHH. After 24 hours the cells were lysed in
NP-40 buffer and 30 pg of each experimental group assessed
by immunoblotting. To assess for the expression of OPN,
MMP9 and CTSK, at the end of Day 6 of differentiation, all
the different experimental groups were kept in serum free
medium for 24 hrs and both, the conditioned media and
whole cell lysates were collected and immunoblotted using
antibodies to either anti-mouse OPN (Millipore, Bedford,
Mass.), or CTSK (SantaCruz Biotech). Equal loading was
confirmed with anti-f-actin (Sigma) antibody. Secreted
MMP9 (Santa Cruz Biotech) was assessed by loading equal
quantity of protein from the serum-free conditioned
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medium. Corresponding HRP conjugated secondary anti-
bodies were used for detection; blots were developed with
SuperSignal enhanced chemiluminescence substrate (Pierce,
Rockford, 111.) and imaged using a Fuji LAS3000 imager.
Detection and quantification of proteins was done using Fuji
LAS 3000 apparatus and Multigauge V3.1 software (Fujit-
ilm, Valhalla, N.Y.). Band intensities were measured in
arbitrary Units (AU). Relative band intensity was obtained
as a ratio of individual band intensity to that of the corre-
sponding [-actin band.

Luciferase Assay—Cells were co-transfected with the
OPN promoter construct, pGL3-OPNB and pSV-f-galacto-
sidase (Promega) (Das, S., et al. (2009) J Biol Chem 284,
22888-22897). Empty pGL3 vector was used as control.
Different concentrations of SHH ligand were added to the
well the next day. Cells were lysed in Reporter Lysis buffer
(Promega) 24 hrs post addition of SHH and both $-galac-
tosidase assay and luciferase assays were done following
manufacturer’s protocol. Readings were normalized to 3-ga-
lactosidase. Each parameter was studied in triplicate and the
experiment repeated at least 3 times.

Quantitative RT-PCR (qRT-PCR)-cDNA was generated
using High Capacity Reverse Transcriptase Kit (Applied
Biosystems, Foster City, Calif.). Real time PCR was per-
formed in two cycles using a BioRad iQ5 Real-Time Detec-
tion system (Bio-Rad, Hercules, Calif.): the first cycle of 95°
C. for 10 mins followed by 40 repeats of the second cycle
comprising 95° C. for 15 sec followed by 60° C. for 1 min.
All reactions were done in triplicate. Transcript levels were
normalized to GAPDH levels (dCT) which was used to
calculate changes in gene expression (2-ddCT). In order to
assess levels of OPN, CTSK, and MMP9 cells (50x
103) were seeded in each well of 12-well plates. Following
the experimental regime as described herein (for Osteoclast
differentiation/activity) RNA was isolated using Trizol
(Invitrogen) and assessed as describere herein. The details of
the primers used were as follows: OPN (Sppl;
Mm00436767_m1), Matrix metalloprotease 9 (MMP9;
Mm00600163_m1), Cathepsin K (Ctsk; Mm00484036_
ml), SHH (Hs00179843_ml), GLIl (Hs01110766_m1),
OPN (Hs00959010_m1), hGAPDH (Hs99999905_m1) and
GAPDH (Mm99999915_gl).

Statistical analysis—Statistical differences between
groups were assessed using the Mann-Whitney test, t-test or
ANOVA, using GraphPad Prism 4 software. Statistical sig-
nificance was determined if the analysis reached 95% con-
fidence. The precise p values are listed in the corresponding
figure legends. In all figures the error bars represent standard
error of the mean (S.E.M.).

Hh Signaling Activates OPN Expression in Pre-Osteclasts

In melanoma, activated Hh signaling culminates in the
transcription of OPN by GLI1, the transcription factor of the
Hh pathway. The ability of pre-osteoclastic RAW264.7 cells
to regulate OPN in response to Hh ligands was assessed. As
seen in FIG. 54A, the RAW264.7 cells show a dose-
dependent significant (p<0.0001) increase in OPN mRNA
levels in response to SHH. The increases in OPN mRNA
levels are due to an increase in the activity of the OPN
promoter in response to SHH (FIG. 54B) indicating that
OPN is under regulation of the Hh pathway in this system.
This is also reflected in increased protein levels of OPN
upon SHH treatment (FIG. 54C and FIG. 54D).

Breast Cancer Cells Enhance Osteoclast Differentiation and
Activity Via Hh Signaling

The Hh pathway may have a role in bone development
and homeostasis, OPN 1is critical to osteoclast activity,
specifically their motility (Sugatani, T., et al. (2003) J Biol
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Chem 278, 5001-5008). Since both, SHH and OPN are
secreted molecules, the effects of recombinant SHH and
OPN on influencing differentiation of RAW264.7 cells were
evaluated. Osteoclast differentiation was scored by staining
the cells for TRAP, an indication of differentiated osteo-
clasts. multinucleate (>3 nuclei per cell) TRAP-positive
cells were scored. As seen in FIG. 55A, compared to
differentiation medium (DM) alone, DM supplemented with
SHH or OPN causes a significant (p<0.005) increase in the
numbers of TRAP stained multinucleate cells, indicating
that activation of the Hh pathway enhances osteoclast dif-
ferentiation. Moreover, OPN-initiated signaling also appears
to influence osteoclast differentiation.

Breast cancer cells potentiate osteoclast activity leading to
increased osteolysis. This is brought about, in part, by
factors secreted by the breast cancer cells (Kingsley, L. A.,
et al. (2007) Mol Cancer Ther 6, 2609-2617). In order to
determine the effects of factors secreted by the breast cancer
cells on osteoclast differentiation, the conditioned medium
of breast cancer cells was mixed in equal proportion with
double strength DM and assessed the effects on differentia-
tion of the RAW264.7 cells was assessed. As seen in FIG.
55B, the conditioned medium from three breast cancer cell
lines (MDA-MB-231, SUM159 and SUMI1315) signifi-
cantly increases (p<0.01) the formation of TRAP-positive
multinucleate cells.

Breast cancer cells express SHH and IHH (FIG. 55C). The
Hh ligands are synthesized in cells and are secreted from the
cells and are expressed at the exterior surface of the cell
membrane or form a component of the secretome of the cells
(Dillon, R., et al. (2003) Proc Natl Acad Sci USA 100,
10152-10157). In order to determine if Hh ligands produced
by breast cancer cells influence osteoclast differentiation, the
Hh ligand neutralizing antibody, SE1, was added to the
differentiation conditions. The SE1 antibody is a Hh path-
way antagonist that is widely used in Hh-related studies in
developmental biology and cancer. The SE1 antibody blocks
binding of all three mammalian Hh ligands to PTCH,
thereby inhibiting Hh signaling. Thus, using SE1 provides a
tool to effectively block Hh signaling. As seen in FIG. 55B
and FIG. 55D, the addition of 5E1 significantly (p<0.05)
diminishes the ability of the breast cancer cell conditioned
medium to influence osteoclast differentiation. This suggests
that Hh ligands secreted by breast cancer cells potentiate
osteoclast differentiation.

In order to determine the effects of Hh signaling on
osteoclast activity, the osteoclasts on plates were cultured
coated with a mineralized bone matrix. The area resorbed
was estimated. As seen in FIG. 56A and FIG. 56B, the DM
supplemented with SHH or OPN notably enhances
(p<0.001) osteoclast activity (p<0.05). Further, the condi-
tioned medium from all three breast cancer cells enhances
the ability of osteoclasts to resorb the matrix (FIG. 56C and
FIG. 56D). While the medium from all three breast cancer
cells lines stimulates osteoclasts, (p=<0.01), the medium from
SUMI1315 cells maximally potentiated osteoclast activity,
more than the MDA-MB-231 and SUM159 cells. Con-
versely, depleting the Hh ligands from the secretome of the
breast cancer cells using SE1 antibody compromises its
ability to resorb the matrix. Thus, overall the results indicate
that the Hh ligands secreted by breast cancer cells augment
osteoclast differentiation and activity.

Activation of Hh Signaling is Related to Osteoclast Activity

In order to assess the role of Hh signaling in osteoclasts
in determining their maturation and activity, the differentia-
tion medium was supplemented with the SMOH inhibitor,
cyclopamine. As seen in FIG. 57, cyclopamine significantly
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(p<0.0001) reduced the ability of DM to elicit differentiation
(FIG. 57A and FIG. 57B) of the preosteoclasts into TRAP-
positive, multinucleate osteoclasts, without impacting their
viability. The ability of breast cancer cell-conditioned
medium to potentiate differentiation and resorptive activity
of the osteoclasts was also remarkably compromised in
presence of cyclopamine (FIGS. 57A-57D). Thus, these
results suggest that activation of Hh signaling is an essential
event for osteoclast maturation and activity.

Breast Cancer Initiated Hh Signaling Activates OPN, CTSK
and MMP9 Expression by the Osteoclasts

While OPN enhances osteoclast motility and overall
activity, activation of osteoclasts is functionally dictated by
the expression of proteases such as MMP9 and cathepsin K
(CTSK). Thus, in order to assess if Hh signaling initiated by
breast cancer cells influences the ability of the differentiated
osteoclasts to express these key molecules, the expression of
OPN, MMP9 and CTSK was assessed by a real-time quan-
titative PCR. As seen in FIG. 58 (A-C), compared to DM
alone, conditioned medium from breast cancer cells
increases the expression of OPN, MMP9 and CTSK. While
neutralization of Hh ligands by the SE1 antibody from the
conditioned medium of SUMI159 and SUMI1315 cells
caused a severe reduction (p<0.001) in the expression of
OPN by osteoclasts, the MDA-MB-231 cells showed a
moderate, but significant (p<0.01) decrease in OPN expres-
sion. The decrease in CTSK and MMP9 expression by the
osteoclasts was also statistically significant (p<0.001 &
p<0.0001 respectively) in presence of the SE1 antibody,
suggesting that the Hh ligands secreted by the breast cancer
cells play a critical role in upregulating the expression of
OPN, CTSK and MMP9. Hh signaling in the pre-osteoclasts
was inhibited by supplementing DM with cyclopamine. As
seen in FIGS. 58A-58D, cyclopamine significantly reduces
the expression of OPN, MMP9 and CTSK by the osteo-
clasts. The overall decrease in the expression of OPN,
MMP9 and CTSK is likely due to an overall negative impact
on differentiation as a result of interfering with Hh signaling
in the pre-osteoclasts. The data suggests that inhibiting Hh
signaling in the pre-osteoclasts makes them refractory to the
stimulative effects provoked by breast cancer cells.

Hh Signaling-Initiated OPN Expression in Osteoclasts is
Essential for the Expression of MMP9 and CTSK

Hh signaling transcriptionally promotes the expression of
OPN (FIG. 54). In order to determine if the transcriptional
activation of OPN is essential for the expression of MMP9
and CTSK by the osteoclasts in response to breast cancer
cell-derived Hh ligands, the expression of OPN from the
osteoclasts was abrogated using RNA interference on Day 6,
after the osteoclast differentiation is complete.

Silencing the expression of endogenous OPN in osteo-
clasts decreases their ability to express Cathepsin K and
MMP9 in response to breast cancer cell conditioned media.
RAW254.7 cells were cultured under differentiating condi-
tions for 6 days to allow for complete differentiation. Dif-
ferentiation conditions included recombinant SHH (100 nM)
or conditioned media from breast cancer cells (MDA-MB-
231, SUM159 and SUMI1315) with or without the 5E1
antibody (2.5 pg/ml). One set of osteoclasts was silenced on
day 6 for OPN expression (KO) using shRNA targeting OPN
cloned into pSuper. The expression of FIG. 59A, Cathepsin
K (CTSK) FIG. 59B, and MMP9 was assessed by real-time
quantitative RT-PCR on day 7. The levels of gene expression
are represented relative to the expression in DM alone. The
extent of CTSK expressed by the groups silenced for OPN
is significantly lower (*p<0.0001) compared to their respec-
tive control (OPN-expressing) for all groups tested. For both
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breast cancer cell lines tested, the extent of CTSK expres-
sion in the SE1/KO group is significantly lower (*p<0.0001)
than the SE1 alone supplemented group. Relative to the
respective controls, the levels of MMP9 in the groups
silenced for OPN is significantly lower (*p<0.0001) for all
groups tested. Further, the extent of MMP9 expression in
23145E1/KO is significantly lower ("p=0.0002) than the
231+5E1 group but not the 231/KO group. Similarly the
131545E1/KO group expresses significantly (p<0.0001)
lower levels of MMP9 relative to the 1315+5E1 group and
the 1315/KO group. FIG. 59C, The resorption activity was
assessed by conducting the differentiation as described
above on OAAS plates, followed by quantitation of the
resorbed area as described above. The extent of resorption
expressed by the groups silenced for OPN is significantly
lower (*p<0.005) compared to their respective control
(OPN-expressing) for all groups tested. For both breast
cancer cell lines tested, the extent of resorption in the
SE1/KO group is significantly lower (*p<0.05) than the SE1
alone supplemented group. The difference between the SE1/
KO group was not statistically different relative to the
corresponding KO group.

As seen in FIG. 59, silencing OPN in the osteoclasts,
significantly decreased the expression of CTSK and MMP9
in response to DM alone. The absence of OPN made the
osteoclasts refractory to the stimulative effects of SHH.
Abrogating OPN from the osteoclasts also made the osteo-
clasts non-responsive to the effects of the conditioned media
from MDA-MB-231 and SUM1315 cells. This was seen as
a marked reduction in the expression of both, CTSK and
MMP9. The most remarkable decrease was seen in the
response of osteoclasts that were silenced for OPN expres-
sion and exposed to differentiation medium that was
depleted of the Hh ligands. Thus, overall, the results impli-
cate a role for Hh ligand initiated osteopontin expression in
osteoclasts in influencing the expression of proteases, CTSK
and MMP9. The expression of OPN by the osteoclasts was
also critical for their ability to resorb bone matrix. As seen
in FIGS. 59C and 59D, abrogating OPN expression from
osteoclasts notably compromised (p<0.005) their ability to
resorb bone in response to DM alone or DM supplemented
with SHH. Even in the presence of conditioned medium
from the MDA-MB-231 and the SUM1315 cells, the osteo-
clasts silenced for OPN expression were compromised
(p<0.005) for their resorptive ability. The decrease in resorp-
tion in response to depletion of the Hh ligands from the
breast cancer cell conditioned medium was further accen-
tuated when the osteoclasts were unable to express OPN.
Cumulatively, the data suggests that the enhanced differen-
tiation and resorptive ability of osteoclasts in response to Hh
signaling initiated by breast cancer cells is due to the
unregulated OPN expression by the osteoclasts. OPN is
important to the osteoclast differentiation associated expres-
sion of proteases and resorptive ability.

Hh Signaling in the Breast Cancer Cells Ameliorates their
Ability to Influence Osteoclast Differentiation and Activity

While Hh ligands expressed by the breast cancer cells
clearly play a role in influencing osteoclast differentiation
and activity, the effect of SUM1315 cells that have been
abrogated for the expression of the transcription factor,
GLI1, was assessed.

RAW264.7 cells were cultured for 6 days in presence of
double strength DM supplemented (1:1) with medium from
SUM1315 breast cancer cells. Osteoclast differentiation was
assessed by TRAP assay and the activity was assessed by
culturing the osteoclasts as described above, on OAAS
plates. Relative to untransfected SUM1315 cells and
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SUM1315 cells transfected with a scrambled control (scrl
(pSuperior.gfp+neo) and scr2 (pSuper)), the medium from
the cells silenced for GLI1 expression (KD2) and OPN
(OPNi) was significantly less efficient in inducing FIG. 60A,
osteoclast differentiation (*p=0.012 and p=0.0049 respec-
tively) and FIG. 60C, resorption activity (p=0.0001 and
p=0.0005 respectively). Images represent (FIG. 60B) differ-
entiation and (FIG. 60D) resorption. Differentiation and
resorption conditions included medium from (a) control
SUM1315 cells or (b) cells transfected with vector control
(scrl: pSuperior.egfp.neo) or (c) transfected with shRNA
targeting GLI1 or (d) transfected with pSuper vector control
(scr2) or (e) transfected with shRNA targeting OPN.

As seen in FIG. 60, conditioned media from breast cancer
cells silenced for GLI1 expression was deficient in inducing
differentiation (p<0.05) (FIG. 60A) and activity (p=0.0001)
(FIG. 60B) of osteoclasts. Abrogating GLI1 expression in
the breast cancer results in a significant decrease (p<0.05) in
the expression of OPN and SHH. OPN expression by breast
cancer cells enhances osteoclast differentiation and activity.
Hh ligands expressed by the breast cancer cells play a vital
role in communicating with the osteoclasts. In order to
directly determine the role of OPN expressed by the
SUMI1315 cells, the expression of OPN was silenced and
assessed the effect of the conditioned media on osteoclast
differentiation and activity was assessed. Abrogating OPN
expression from the breast cancer cells significantly dimin-
ished their ability to influence osteoclast differentiation
(p<0.01) and activity (p=0.0005) (FIGS. 60 A-60D).
Discussion

Metastases in the bone occur in 60-80% of advanced
breast cancer patients. The bone metastases in breast cancer
are predominantly osteolytic, characterized by vigorous
bone resorption (bone breakdown). The most common mode
of transport of breast cancer cells from the breast to bone is
through the vertebral-venous system that allows breast can-
cer cells to come into contact with the axial skeleton,
including the ribs, spine, pelvis, and proximal humerus and
femur, which is the main distribution of bone metastases in
breast cancer patients. Once malignant cells have migrated
to the bone, their ability to colonize is facilitated by various
growth factors that are secreted by the bone. The crosstalk
between tumor cells and the microenvironment promotes a
vicious cycle of tumor growth and bone loss that perpetuates
the formation of bony lesions. When the bone is lysed by
osteoclasts, the factors released stimulate malignant tumor
growth, which then increases the number of cells available
to release the factors that stimulate osteoclastic activity, so
more bone is resorbed and the cycle continues.

Factors, such as MMPs, chemokine receptor 4 (CXCR4),
vascular endothelial growth factor (VEGF), and connective
tissue growth factor (CTGF) target metastatic tumor cells to
bone and facilitate survival within the bone microenviron-
ment. Physical factors within the bone microenvironment,
including hypoxia, acidic pH, and extracellular Ca2+, and
bone-derived growth factors, such as TGF-p and IGFs,
activate tumor expression of osteoblast-stimulatory factors,
like vascular endothelial growth factor (VEGF), platelet-
derived growth factor (PDGF), and Endothelin (ET-1) (Yin,
J. J., et al. (2003) Proc Natl Acad Sci USA 100, 10954-
10959. Maturation of osteoblasts is coupled with their
release of RANKL that can stimulate osteoclastogenesis.
Breast cancer cells also express osteoclast-stimulatory fac-
tors, such as PTHrP, TGF-f, and IL-11. In fact, expression
of IL.-11 and OPN by breast cancer cells has been found to
be critical for the osteolytic activity of breast cancer cells.
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The Hh signaling pathway involves the binding of a Hh
ligand to the receptor PTCH, thereby relieving its inhibitory
effect on SMOH, permitting transduction of the Hh signal to
intracellular components, culminating in transcriptional
activation of downstream genes like GLI1. The Hh ligands
were initially thought to be a transmembrane, non-diffusible
signal for neighboring cells. Further research revealed that
the Hh ligands are secreted after being post-translationally
modified and participate in short- and long-range signaling.
Data provided herein shows that Hh ligands expressed by
breast cancer cells can initiate a crosstalk directly with
osteoclasts and promote osteoclast differentiation (assessed
by multinucleate cells showing TRAP activity) and resorp-
tion activity accompanied by increased expression of OPN,
CTSK and MMP9. TRAP, a glycosylated monomeric met-
alloenzyme, is highly expressed in osteoclasts and has been
implicated in the detachment of cells necessary for initiating
cell migration. It is upregulated during osteoclastogenesis
along with CTSK and as such used as a histochemical
marker for differentiated osteoclasts. Multinucleation, an
essential step in osteoclast differentiation, is a prerequisite
for its efficient bone resorbing ability. Mononuclear osteo-
clasts fuse repeatedly to form giant multinucleated osteo-
clasts which after the polarization of the membrane and
organization of the cytoskeleton result in a mature bone-
resorbing osteoclast.

The bone resorbing ability of mature osteoclast has been
attributed to cysteine proteinase CTSK and a host of differ-
ent matrix metalloproteinases, including MMP9, MMP 13
and MMP14. CTSK with its ability to cleave the native helix
of collagen at multiple sites has been implicated as the
molecule for matrix solubilisation whereas collagenolysis-
enhancing MMP 9 has been found to be critical for osteo-
clast migration. Enhanced osteoclast differentiation and acti-
vation elicited by breast cancer cells was concomitant with
significantly increased expression of OPN and the cysteine
protease CTSK and MMP9. Moreover, Hh ligands
expressed by the breast cancer cells play a critical role in
inducing changes in the osteoclasts, since neutralizing the
activity of these ligands from the conditioned medium of the
breast cancer cells reduces the efficacy of the breast cancer
cells to elicit osteoclast differentiation and resorptive activ-
ity. Hh ligands expressed by breast cancer cells are also
essential for the production of OPN, CTSK and MMP9 by
the osteoclasts since squelching them with the SE1 antibody
resulted in a significant decrease in expression.

As such, the data shows that OPN expression is upregu-
lated as a downstream event of Hh signaling initiated by the
Hh ligands expressed by the breast cancer cells. OPN is
particularly abundant at the attachment sites of osteoclasts
and is essential for reorganization of the osteoclast cytoskel-
eton for osteoclast motility. It is not only responsible for
activating the bone resorptive ability of osteoclasts but also
for their migration. Further, OPN enhances the differentia-
tion of pre-osteoclasts to osteoclasts, resulting in upregu-
lated expression of CTSK and MMP9. Consequently,
resorptive activity of the osteoclasts is also negatively
impacted by the inability to express OPN. While Hh sig-
naling in osteoclasts influences their activity, the data reveals
that Hh signaling in breast cancer cells is also vital to their
ability to elicit osteoclast activation. OPN expressed by
breast cancer cells also enhances osteoclast activity. Overall,
the study indicates a causal role for Hh signaling in pro-
moting breast cancer cell-mediated osteolytic activity.

Hh ligands expressed by breast cancer cells act as con-
versational molecules and can directly mediate a paracrine
crosstalk with osteoclast precursors leading to osteoclasto-
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genesis and the induction of resorptive activity. Osteoclasts
respond to the stimulus provided by breast cancer cells by
activating Hh signaling and upregulating OPN expression
that is vital to their differentiation and resorptive activity.
Thus, it is likely that the accumulation of OPN and PTHrP
in the bone microenvironment in response to Hh signaling
can potentially have a cumulative effect on the osteoclasts
resulting in their activation (FIG. 61). Hh signaling deter-
mines the potency of breast cancer cells to induce osteo-
clastogenesis and resorption. Further, inhibiting Hh signal-
ing in osteoclasts resulted in significantly reduced osteolytic
activity. Hh inhibitors are in clinical trials to test efficacy in
combating several malignancies, including breast cancer.
The data demonstrate that these inhibitors can also have an
impact on osteoclasts. Specifically, inhibiting the Hh signal-
ing in pre-osteoclasts using cyclopamine hampered the
ability of pre-osteoclasts to respond to the stimulatory
effects of the breast cancer cells, indicating that Hh signaling
is vital to osteoclast activity.

Example 11

Hedgehog Signal in Tumor Cells Facilitates
Osteoblast-Enhanced Osteolytic Metastases

In this study, the role of the Hh pathway in the crosstalk
between tumor cells and osteoblasts is investigated. Tumor
cells are shown to facilitate osteoblast differentiation and
deposition of mineralized matrix via Hh signaling. These
differentiated osteoblasts express RANKI, that together
with OPN and PTHrP tilt the balance in favor of the
osteoclasts. As such, these studies highlight the importance
of the delicate balance between the activities of osteoblasts
and osteoclasts and bring forth the importance of Hh sig-
naling as an important attribute of the tumor cells’ ability to
cause osteolytic metastases.

Materials and Methods

Cell lines—Human fetal osteoblasts, hFOB 1.19 (ATCC,
CRL-11372) cells were cultured in Dulbecco’s Modified
Eagle’s Medium (DMEM/F12; Invitrogen, Carlsbad, Calif.),
supplemented with 2 mM Lglutamine, 1 mM sodium pyru-
vate, 0.02 mM nonessential amino acids, 5% FBS (Atlanta
Biologicals, Norcross, Ga.), without antibiotics or antimy-
cotics (DMEM/F12). MC3T3-E1 subclone 14 (ATCC, CRL-
2594) murine pre-osteoblast cells capable of differentiation
and mineralization in culture (these lines exhibit high levels
of osteoblast differentiation after growth in ascorbic acid and
3 to 4 mM inorganic phosphate) were maintained in alpha
Minimum Essential Medium (a¢MEM) (Mediatech, Hern-
don, Va.) and 10% FBS but devoid of ascorbic acid. RAW
264.7 (ATCC, TIB 71) cells, a murine preosteoclastic line
capable of differentiation and mineralization in culture (in
presence of RANKL and M-CSF) were grown in DMEM
with L-glutamine (ATCC, 30-2002). MDA-MB-231 human
metastatic breast cancer cells, SUM1315 (derived from a
metastasis in a patient with infiltrating ductal carcinoma),
SUM159 cells (derived from a primary breast tumor with
metaplastic carcinoma) and MDA-MB-435 (435) cells were
cultured as described herein. The generation and culture
conditions of 435 cells stably silenced for OPN (OPNi) or
GLI1 (KO1 and KO4) is previously described (Das S, et al.
The hedgehog pathway transcription factor GLI1 promotes
malignant behavior of cancer cells by up-regulating osteo-
pontin. J Biol Chem 2009; 284:22888-97).
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Induction of osteoblastic and osteoclastic differentia-
tion—1In order to test the effect of conditioned medium from
the tumor cells on osteoblast differentiation, a double-
strength differentiation medium (DM) was formulated for
MC3T3 E1 Sc-14 cells. It comprised cMEM, 20% FBS, 50
ng/ml ascorbic acid and 20 mM p-glycerophosphate. Con-
ditioned media and the double-strength DM were mixed in
a 1:1 ratio. 1xDM was used as control. Similarly a double-
strength differentiation medium was formulated for RAW
264.7 cell lines. It consisted of 20% FBS, 50 ng/ml of
RANKIL and 20 ng/ml of M-CSF added to the growth
medium. Conditioned media from the tumor cells was mixed
1:1 with the double-strength DM. 1xDM was used as
control. Osteoblast differentiation was assessed by alkaline
phosphatase (ALP) activity assay in the perspective of total
phosphatase. The functional assessment of osteoblast min-
eralization was quantified by staining with Alizarin Red S
and scoring the number of mineralized nodules.

Apoptosis detection—MC3T3 cells were grown under
differentiation conditions along with conditioned media
from tumor cells for 21 days with media being changed
every 3rd day. At the end of 21 days apoptosis was assayed
using the In Situ Cell Death Detection Kit (Roche, India-
napolis, Ind.) following the manufacturers’ protocol for
initial TUNEL staining. Cells were further stained with
DAPI (Vectashield, H-1200, Vector Laboratories, Burl-
ingame, Calif.) and phalloidin coupled with AlexaFluor 555
(Molecular Probes, Invitrogen) to visualize the nuclei and
cytoskeleton respectively. The latter staining imparted con-
text to the TUNEL staining. Cells were visualized under the
Nikon TE2000 microscope and TUNEL positive cells were
counted and expressed as a percentage of total cells in each
field of view.

Western Blotting Analysis—was performed as described
herein

Studies with Hh inhibitor, cyclopamine—Serum-free con-
ditioned medium (SFM) harvested from ~3.0x106 cells after
24 hours was assayed for OPN by immunoblotting. To test
the inhibitory effect of cyclopamine on the Hh pathway cells
were cultured in DMEM supplemented with 0.5% FBS and
treated for the indicated time intervals with DMSO (vehicle
control) or cyclopamine (Sigma, St. Louis, Mo.).

Luciferase Assay—was performed as described herein.

Quantitative RT-PCR (qRT-PCR)-cDNA was generated
using High Capacity Reverse Transcriptase Kit (Applied
Biosystems, Foster City, Calif.). Real time PCR was per-
formed using a BioRad iQ5 Real-Time Detection system
(Bio-Rad, Hercules, Calif.). All reactions were done in
triplicate. OPN transcript levels were normalized to GAPDH
levels (dCT) which was used to calculate changes in OPN
expression (2-ddCT). To analyze the effect of cyclopamine
treatment on OPN expression untreated samples were set as
calibrator (control) and compared to their respective treated
samples. The primers used included Sppl (OPN) (Mm
00436767_m1); Bglap (osteocalcin) (Mm 01741771_gl);
IBSP (Mm 00492555_m1); PTHrP (Mm 00433057_m1);,
RANKL (Mm  00441906_ml); GAPDH (Mm
99999915_g1).

Immunohistochemical analyses—Breast tumor tissue
microarrays were obtained from the NCI Cooperative Breast
Cancer tissue Resource (CBCTR). The tissues were immu-
nohistochemically stained for IHH and GLI1. Immunohis-
tochemical staining was performed using Dako LSAB+
System-HRP reagents in a Dako Autostainer Plus automated
immunostainer (Glostrup, Denmark). The intensity of stain-
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ing was quantitated with computer-assisted image analysis
in a Dako ACIS III Image Analysis System (Glostrup,
Denmark).

Statistical Analysis—was performed as described herein.
Results
Expression of GLI1 and IHH is Upregulated in Breast
Cancer.

Using immunohistochemical analyses, the expression of
the Hh ligand, IHH and the transcription factor GLI1 were
assessed in a tissue array comprising 75 breast cancer tissues
and 9 tissues representing normal breast. While the staining
intensity of IHH was comparable (p>0.05) in normal tissues
and in tissues derived from Ductal Carcinoma In Situ
(DCIR), the tissues derived from invasive cancer (represent-
ing Infiltrating Ductal Carcinoma Grades 11-IV) and from
metastatic breast cancer exhibited significantly (p<0.0001)
increased staining intensity for IHH (FIG. 68A; images a
and b). Similarly, the staining intensity of GLI1 in tissues
from invasive cancer and from metastatic cancer were
significantly greater (p<0.0001) compared to normal tissues
(FIG. 68B; images ¢ and d).

Hh Signaling Stimulates Osteoblast Differentiation and
Mineralization Activity.

In order to assess the effect of Hh signaling on the
formation of osteoblasts, the monopotential cell line,
MC3T3-E1, was used. This cellin is a clonal osteoblastic cell
line isolated from calvariae of a late stage mouse embryo.
These cells express various osteoblast functions including
formation of mineralized bone nodules in long-term culture.
The addition of Hh ligands, SHH and IHH to the DM of the
MC3T3 cells stimulated differentiation as seen by the
increase (p<0.0001) in the ALP activity (FIG. 69A). The
resultant osteoblasts exhibited intense staining by Alizarin
Red S (FIG. 69B) indicating the presence of mineralized
nodules. Overall, a significant increase (p<0.05) in the
numbers of mineralized nodules formed in the presence of
IHH and SHH was observed (FIG. 69C). This was accom-
panied by an increase (p<0.005) in the expression of markers
of terminally differentiated osteoblasts, bonesialoprotein
(BSP) and osteocalcin (FIG. 69D), indicating that stimulat-
ing Hh signaling promotes osteoblast differentiation and
mineralization activity.

Hh Signaling Upregulates OPN in Osteoblasts

Hh signaling induces the expression of OPN. OPN pro-
motes adhesion of osteoblasts allowing them to function in
osteogenesis. Two osteoblast-forming cells, hFOB and
MC3T3 were treated with two Hh ligands, SHH and IHH
and assessed the effect on OPN promoter activity. Both
ligands caused an upregulation in OPN promoter activity
(p<0.0001) (FIG. 70A). Treatment with the Hh inhibitor,
cyclopamine, keeps GLI1 sequestered in the cytosolic com-
partment (FIG. 75A, FIG. 75B) simultaneous with a reduc-
tion in the levels of OPN transcript levels (p<0.0001) (FIG.
70B), total OPN protein expression (FIG. 70C) and secreted
OPN (FIG. 70D) in the pre-osteoblasts.

Hh Signaling in Tumor Cells Stimulates Differentiation of
Osteoblasts as an FEarly Event and Enhances Expression of
RANKL and PTHrP.

Tumor cells express Hh ligands. In order to determine the
role of the Hh pathway in mediating the crosstalk between
tumor cells and osteoblasts, the effect of conditioned
medium from the tumor cells on MC3T3 osteoblast differ-
entiation was assessed after 2 weeks using an ALP activity
assay. Relative to DM alone, conditioned medium from the
tumor cells caused a significant (p<0.001) increase in the
ALP activity in 2 weeks. The SE1 antibody blocks binding
of all three mammalian Hh ligands to Ptc1 with low nano-
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molar affinity, thereby inhibiting Hh signaling. Depleting the
Hh ligands from the conditioned medium of the tumor cells
using the neutralizing SE1 antibody caused a decrease in the
ALP activity of the differentiated osteoblasts. While the
decrease was apparent, although not statistically significant
with respect to the conditioned medium from MDA-MB-231
and MDA-MB-435 cells, the decrease was statistically sig-
nificant (p<0.05) with respect to conditioned medium from
SUMI1315 and SUM159 cells (FIG. 71A). Simultaneous
with the reduction in ALP activity, depletion of Hh ligands
from the differentiation conditions caused a significant
decrease (p<0.05) in the expression of (differentiated) osteo-
blastic proteins, BSP and osteocalcin (FIG. 75C). Function-
ally, the ability of the osteoblasts to form mineralized
nodules was significantly increased (p<0.0001) in response
to conditioned medium from tumor cells relative to DM
alone. Addition of the SE1 antibody to the differentiation
conditions resulted in a significant decrease (p<0.001) in the
ability of the tumor cell-conditioned medium to elicit osteo-
blast mineralization activity (FIG. 71B). Differentiated
osteoblasts express RANKI, and PTHrP and play a role in
promoting osteoclast differentiation. Thus, the expression of
these two molecules under the conditions used for differen-
tiation was examined. In response to the conditioned
medium from breast cancer cells, after 2 weeks of differen-
tiation, the osteoblasts expressed significantly elevated
(p<0.01) levels of RANKL and PTHrP (FIG. 71C, FIG.
71D). Depletion of Hh ligands from the conditioned medium
of the tumor cells resulted in a significant decrease
(p<0.001) in the levels of RANKL and PTHrP elicited by the
conditioned medium. Thus, while Hh ligands from the tumor
cell-conditioned medium contributed to osteoblast differen-
tiation, their impact was more pronounced on the expression
of RANKL and PTHrP by the differentiated osteoblasts.
OPN Expressed by the Tumor Cells Influences Osteoblast
Activity

OPN, a secreted protein expressed by tumor cells, has
been implicated as an important regulator of osteoblast
differentiation. Both, SUM1315 and MDA-MB-435 cells
express OPN. To assess the effect of tumor cell-derived OPN
on the osteoblasts, OPN expression was abrogated using
shRNA, and the cell-free conditioned medium from these
cells was harvested. Osteoblast differentiation was studied in
presence of this conditioned medium and the expression of
BSP and osteocalcin as indicators of osteoblast differentia-
tion was assessed and measured osteoblast differentiation
activity by enumerating the mineralized nodules formed.
The conditioned medium from the SUMI1315-OPNi and
435-OPNi cells was less efficient (p<0.005) in inducing
osteoblast differentiation and mineralization (FIG. 72A-
72C). Likewise, the expression of RANKL and PTHrP by
the osteoblasts was significantly compromised (p<0.0001)
underdifferentiation conditions with conditioned medium
from tumor cell that were depleted of OPN expression (FIG.
76A). As such, OPN expressed by the tumor cells plays a
vital role in the crosstalk between tumor cells and osteo-
blasts.

Hh Signaling in Tumor Cells Impacts their Ability to Induce
Osteoblast Differentiation.

Hh signaling in breast cancer cells also plays a vital role
in communication between the breast cancer cells and
osteoclasts. In order to assess the role of Hh signaling in
tumor cells on their ability to elicit osteoblast differentiation,
the expression of GLI1 from the tumor cells was abrogated
by shRNA. Conditioned medium from the GLI1-silenced
cells was inefficient (p<0.005) in inducing osteoblast differ-
entiation as represented in the expression of BSP, osteocal-
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cin (FIG. 72A, FIG. 72B) and the osteoclast differentiation-
promoting RANKL and PTHrP proteins (p<0.05) (FIG.
72A). Further, the mineralization activity of the osteoblasts
was also significantly impaired (p<0.05) when the differen-
tiation was elicited for 2 weeks in presence of conditioned
medium from cancer cells that were silenced for GLI1 (FIG.
720), suggesting that active Hh signaling in the tumor cells
is vital to their ability to induce osteoblast differentiation.
Extended Differentiation in Presence of Tumor Cell-Condi-
tioned Media Promotes Osteoblast Apoptosis

The data suggested that soluble factors that include OPN
and the Hh ligands secreted by tumor cells enhance osteo-
blast differentiation and mineralization activity. This starkly
contradicts the well-established notion that tumor cells
causes osteoblasts to undergo apoptosis (Mastro A M, et al.
J Cell Biochem 2004; 91:265-76). Notably, these reported
studies conducted osteoblast differentiation for longer time
periods i.e. 3 weeks or longer. Thus, in order to capture the
full impact of the differentiation conditions on the osteo-
blasts, parallel experiments that were assessed 3 weeks post
induction of differentiation were conducted. While differen-
tiation and mineralization activity were already attained at
14 days, the levels of BSP and osteocalcin plummeted
sharply (p<0.001) at 3 weeks relative to their expression at
2 weeks in differentiation conditions comprising condi-
tioned media from tumor cells (FIG. 73A, FIG. 73B). In
contrast, the expression of PTHrP significantly increased
(p<0.001) in presence of conditioned medium from 3 of the
4 tumor cell lines, whereas RANKL showed variation in the
all the four cell systems investigated (FIG. 73C, FIG. 73D).
The incidence of apoptosis following 21 days of differen-
tiation in the presence of conditioned media from tumor
cells was also assessed. Relative to DM alone, the condi-
tioned medium from all four tumor cells caused a significant
increase (p<0.05) in the incidence of apoptosis (FIG. 73E),
thus corroborating with the published reports. Thus, the data
suggests that osteoblasts express osteoclastogenic factors,
PTHrP and RANKL in response to OPN and Hh signaling
triggered by tumor cells (FIG. 71, FIG. 72, FIG. 76A).
Hh Signaling in Tumor Cells Enhances the Incidence and
Intensity of Osteolytic Metastases

Intuitively, the data suggests that tumor cells initiate
osteoblast differentiation and the expression of osteoclasto-
genic factors as an early event, followed by elimination of
osteoblasts later. Thus, the overall microenvironment
appears to shift in favor of osteoclastogenesis. In order to
investigate the significance of Hh signaling in the tumor
cells with respect to osteolytic metastasis, tumor cells were
injected via the left ventricle and assessed the incidence of
osteolytic metastases at the tibio-femoral junction 4-6 weeks
later. In the mice injected with 435-vector control cells,
metastasis in 100% of the mice injected was observed. In
contrast, the incidence of mice injected with tumor cells
stably silenced for GLI1 was reduced to 60% (FIG. 74 and
FIG. 76B). Overall, there was a decrease in the intensity of
the osteolytic metastasis as well. The data suggests that Hh
signaling in the tumor cells is essential to the development
of osteolytic metastases. These cells are also capable of
directly activating osteoclast differentiation (assessed by
TRAP staining) and stimulating resorption activity (FIG.
76C, FIG. 76D). Moreover, the active Hh signaling and
expression of OPN are important attributes for the tumor
cells to activate osteoclast differentiation and resorptive
activity. Thus, the data suggests that Hh signaling in the
tumor cells can directly impact the ability of the cells to
cause osteolysis.
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Discussion

The Hh pathway plays an essential function in regulating
cell fate and in developmental patterning in animals and
humans. This pathway is also important in the formation of
the skeleton. During skeletogenesis and endochondral ossi-
fication Hh signaling coordinates growth and differentiation.
In adult animals, systemic administration of the ligand SHH,
resulted in a primary increase in osteoblasts and their
precursors. Interestingly, this was accompanied by an
enhanced osteoclastogenic potential and decreased bone
volume due to upregulation of the PTH/PTHrP receptor.
Thus, Hh signaling in the adult bone milieu caused stimu-
latory effects on osteoprogenitors and osteoblasts resulting
in bone remodeling and reduced bone strength because of a
secondary increase in osteoclastogenesis.

The bone is a common site of metastasis for several
malignancies. The impact of metastasized tumor cells in the
bone disrupts the balance between the activities of the
osteoclasts and osteoblasts. Radiographically, the bone
lesions are classified as being osteolytic (bone loss) or
osteosclerotic (bone formation) or mixed. Breast cancer
bone metastases are usually osteolytic, characterized by
excess bone turnover and consequent bone resorption. This
is concomitant with the apoptosis and elimination of osteo-
blasts. In fact, several papers suggest that breast cancer cells
limit osteoblasts by either inducing apoptosis or interfering
with normal function and thus facilitating osteolysis through
increased osteoclast activity. Paradoxically, it must be noted
that the basic trigger for the differentiation of pre-osteoclasts
to osteoclasts is supplied by the osteoblasts. Osteoblasts
produce M-CSF and RANKL that promote pre-osteoclasts
to differentiate into multinuclear, activated osteoclasts that
adhere to bone and degrade the bone matrix. RANKL and
M-CSF activate a dendritic cell-specific transmembrane
protein (DCSTAMP) that facilitates cell-cell adhesion and
cytoskeletal re-raanagements resulting in a multinucleate
osteoclast. Thus, the availability of differentiated osteoblasts
is vital to the development of active osteoclasts. Likewise,
osteoclasts express BMPs that promote recruitment and
proliferation of osteoblasts at resorption sites.

Thus, given the vital role that osteoblasts play in facili-
tating osteoclast activity, the elimination of osteoblasts by
the tumor cells seems counter intuitive and warrants further
understanding of the delicate balance between osteoblast
and osteoblasts. In this study, the role of Hh signaling in
tumor cells on the interaction between tumor cells and
osteoblasts was investigated. Breast cancer cells were deter-
mined to express elevated staining intensities for the Hh
ligand IHH and the transcription factor, GLI1, indicating
that the Hh pathway is activated in breast tumor cells. In
order to determine the consequences of the interaction
between tumor cells and osteoblasts, osteoblast differentia-
tion at early (14 days) and late (21 days) postinitiation of
differentiation was investigated in presence of conditioned
media from tumor cells. While Hh ligands expressed by the
tumor cells enhanced osteoblastogenesis and mineralization
activity as an early event, enhanced expression of osteoclas-
togenesis-promoting factors viz. RANKL and PTHrP in the
differentiated osteoblasts was observed. Likewise, OPN
expressed by the tumor cells also stimulated osteoblast
differentiation. Tumor cells with a competent Hh pathway
were more potent at inducing osteoblast differentiation and
expression of RANKL and PTHrP. While the expression of
osteoblast differentiation markers, BSP and osteocalcin
dwindled at a later event (21 days) characterized by
increased apoptosis of the osteoblasts, the expression of
RANKIL and PTHrP continued to be robust, suggesting that
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the osteoblasts were expressing factors that would propel
osteoclastogenesis. Thus, this data suggests that tumor cells
initially enhance the differentiation of osteoblasts that in
turn, express osteoclastogenesis enhancing factors. Later, as
the osteoblasts get eliminated, the availability of RANKL
and PTHrP creates an environment that will stimulate osteo-
clast differentiation and activity. Thus, an active Hh signal-
ing in the tumor cells facilitates the generation of an osteo-
clast-stimulating milieu by initially kickstarting osteoblast
development. This is apparent in the fact that ablating GLI1
severely compromised the ability of the tumor cells to form
osteolytic metastasis in an experimental model of bone
metastasis.

A role for osteoblast-derived PTHrP as a physiological
regulator of bone remodeling has been previously suggested
(Miao D, et al. J Clin Invest 2005; 115:2402-11; Miao D, et
al. Endocrinology 2004; 145:3554-62). PTHrP is produced
by cells of early osteoblast lineage that do not express
PTH-receptor. PTHrP acts on receptor-positive committed
preosteoblasts, and these cells respond by differentiating
into mature osteoblasts. PTHrP acts directly on mature
osteoblasts and osteocytes to prevent their apoptosis and is
also required to enhance production of RANKL by PTHR1-
positive pre-osteoblasts. As a result, osteoclast formation is
promoted by interaction of the membrane molecule,
RANKI, with its receptor, RANK. It is surmised that a fine
balance or spatiotemporal control mechanisms exist to
ensure availability of PTHrP for enhancing osteoblast dif-
ferentiation, as persistently increased local PTHrP levels
would favor increased osteoclast formation, through stimu-
lation of RANKL production resulting in increased bone
resorption, and high-turnover osteoporosis (Martin T J. J
Clin Invest 2005; 115:2322-4). In fact, the results herein
show a steady expression of PTHrP by osteoblasts (at 21
days) and are supported by the fact that Hh signaling
competent tumor cells in fact, cause radiographically evi-
dent osteolysis in animal models.

Skeletal integrity is an essential survival function of
mammals. The findings herein reveal that the tumor cells can
alter the balance between the activities of osteoblasts and
osteoclasts via Hh signaling. Thus, given the fact that breast
cancer cells express Hh ligands (FIG. 75) and that Hh
signaling propels breast cancer progression, the studies
herein imply that administration of pharmacological Hh
inhibitors can inhibit Hh signaling in breast cancer cells,
osteoblasts and osteoclasts and may reduce breast cancer-
mediated bone loss in metastatic disease. This strategy
targets the tumor cells as well as the bone and its microen-
vironment and can reduce tumor burden and tumor-derived
bone lesions.

Example 12

Drug Sensitivity of Cells Transfected with shRNA
to GLI1

MDA-MB-435 (435) and SUM1315 (1315) cells were
transfected with either empty vector (vec) or with vector
encoding shRNA to GLI1 (shGLI1). Cells were treated with
the indicated concentrations of drugs for 24 hours and
viability was assessed using an MTS assay (FIG. 62A-FIG.
62C). An increased sensitivity to doxorubicin and taxolin
cells transfected with the shRNA to GLI1 was observed.
Using real-time quantitative RT-PCR the GLI1 shRNA
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brings about a decrease of about 50% in the expression of
ABCB1 (MDR1) and 90% decrease in ABCG2 (BCRP).

Example 13

Glil is Located in the Nucleus of A2780-CP70
Cells

The paired human ovarian cancer cell lines A2780 and
A2780-CP70 are cisplatin-sensitive (IC50 ~3 uM), and
cisplatin-resistant (IC50 ~40 uM), respectively (Parker, R.
J., et al. J Clin Invest, 87:772-777, 1991; Li Q, et al. J Biol
Chem, 273:23419-23425, 1998; Bonovich M, et al. Cancer
Gene Therapy, 9:62-70, 2002). A2780-CP70 cells were
grown in monolayers, harvested in log phase growth, and
assessed for the presence of Glil in: a) whole cell lysate; b)
nuclear fraction; and, c¢) cytoplasmic fraction using Western
blot analysis. Controls included a-tubulin and histone deac-
tylase. Referring to FIG. 24, Glil was detected in whole cell
lysates and nuclear fractions, but not in cytoplasmic frac-
tions. This suggests that the Hedgehog pathway is activated
in A2780-CP70 cells.

Example 14

Glil is Present in the Nucleus of A2780 and
A2780-CP70 Cells

Glil protein expression was assessed in A2780 and
A2780-CP70 cells grown in log phase in monolayers using
Western blot analysis). Glil would be expected in the
cytosol but not in the nucleus in cells in which the Hedgehog
pathway is inactive. Referring to FIG. 25, Glil protein was
present in the nuclear fractions of A2780 and A2780-CP70
cells. While Glil protein was detected in the cytosol of
A2780-CP70 cells, the protein was not detected in the
cytosolic fraction of A2780 cells. The relative increase in
Glil protein in A2780-CP70 cells over A2780 cells was
estimated using radiodensitometry to be 20- to >30-fold
greater (lane 2 compared to lane 5). This suggests that the
Hedgehog pathway is activated in both A2780-CP70 and
A2780 cells, but more strongly activated in A2780-CP70
cells, and is consistent with the observation that activation of
the Hedgehog pathway is associated with the development
of drug resistance for example, cisplatin drug resistance.

Example 15

Indian Hedgehog (IHH), Sonic Hedgehog (SHH),
and Desert Hedgehog (DHH) Protein Expression in
A2780 and A2780-CP70 Cells

To assess whether the Hedgehog pathway is self-driven in
A2780 and A2780-CP70 monolayers, cell lysates were
assayed for IHH, SHH, and DHH using Western blot analy-
sis. Referring to FIG. 26, SHH (51 kDa) was observed in
A2780 and A2780-CP70 cells, but was expressed at greater
levels in A2780 cells. IHH (45 kDa) was observed in A2780
and A2780-CP70 cells at similar levels to those observed for
SHH. DHH was present in A2780 and A2780-CP70 cells at
low levels. This suggests that A2780 and A2780-CP70
monolayers are hedgehog driven.

Example 16

Glil Protein Expression in Cyclopamine-Treated
A2780-CP70 Cells

Glil protein expression was examined in A2780-CP70
cells treated with the Smoothened inhibitor, cyclopamine,
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using Western blot analysis. A2780-CP70 cells were grown
in log phase and treated with 70 uM cyclopamine for 24 hr,
48 hr, and 72 hr. Protein lysates were obtained form adherent
cells. Under these conditions, 70 uM cyclopamine is asso-
ciated with 50-70% cell killing at 72 hr.

Referring to FIG. 27, Glil protein was detected in nuclear
and cytoplasmic fractions at 24 hr in treated cells. At 48 hr,
Glil was detected in the nuclear fractions, but only at low
levels in cytoplasmic fractions. At 72 hr, Glil protein was
present in very low levels in nuclear and cytoplasmic
fractions. This suggest that cyclopamine inhibits transloca-
tion of Glil from the cytoplasm into the nucleus due to
inhibition of the Glil-activator, Smoothened. In addition,
Glil protein levels in the cytoplasm declined over 72 hr,
suggesting that cytoplasmic Glil protein was degraded.
Accordingly, Smoothened may have a role in the production
and maintenance of cytoplasmic levels of Glil protein.

Transfection of an anti-Glil shRNA construct inhibits the
Hedgehog pathway. Reduced Glil protein and mRNA levels
were observed in the nucleus of transfected cisplatin-resis-
tant A2780-CP70 cells. Glil mRNA levels rebounded by 72
hr post-transfection. These observations were similar to
those observed in A2780-CP70 cells treated with cyclo-
pamine, an inhibitor of the Hedgehog pathway. In addition,
transfected A2780-CP70 cells showed stable mRNA levels
of c-jun, increased mRNA levels of c-fos. C-fos mRNA
levels peaked between 6 and 24 hr post-transfection. These
observations were similar to those observed in A2780-CP70
cells treated with cyclopamine.

Example 17

Sonic Hedgehog (SHH) and Indian Hedgehog
(IHH) Protein Expression in Cyclopamine-Treated
A2780-CP70 Cells

SHH and IHH protein levels were assessed in cyclo-
pamine-treated A2780-CP70 cells by Western blot analysis.
Referring to FIG. 28, SHH protein (51 kDa) was detected in
cytoplasmic fractions, but not nuclear fractions of treated
cells at 0 hr. SHH protein levels decreased in cytoplasmic
fractions between 6-24 hr of cyclopamine treatment. At 48
hr, SHH protein levels were prominent in cytoplasmic and
nuclear fractions, and remained prominent through 72 hr.
Referring to FI1G. 29, THH protein (45 kDa) was detected in
cytoplasmic and nuclear fractions of treated cells at O hr. At
6 hr, IHH protein levels were more prominent in nuclear
fractions than in cytoplasmic fractions. At 24 hr, I[HH protein
levels were low in both nuclear and cytoplasmic fractions.
However, at 48 hr IHH protein levels increased in nuclear
fractions through to 72 hr. IHH was only weakly present in
the cytoplasmic fractions between 48-72 hr. In sum, SHH
and IHH protein levels were reduced at 24 hr. After 24 hr
SHH and IHH protein levels were similar in nuclear and
cytoplasmic fractions. SHH and IHH protein levels
rebounded by 48 hr and 72 hr.

Example 18

c-Jun Protein ¢-Jun mRNA, and ¢c-Fos mRNA
Expression in Cyclopamine-Treated A2780-CP70
Cells

c-jun protein expression was assessed in cyclopamine-
treated A2780-CP70 cells using Western blot analysis. Con-
trols included o-tubulin and histone deacetylase 3. C-jun
antibody recognizes non-phosphorylated c-jun protein.
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Referring to FIG. 30, unphosphorylated c-jun protein
levels were low between O hr and 6 hr in nuclear and
cytoplasmic fractions at 0 hr. At 24 hr, c-jun protein was
easily detected levels in nuclear and cytoplasmic fractions.
Expression of c-jun protein in nuclear peaked at 48 hr and
began to diminish by 72 hr. Expression of c-jun protein in
cytoplasmic fractions plateaued between 48 and 72 hr.

c-jun and c-fos mRNA expression was assessed in A2780-
CP70 cells treated with cyclopamine using semi-quantative
PCR (FIG. 31). c-jun mRNA was detected at low levels at
0 hr. At 6 hr, csjun mRNA levels has increased by 3-fold. At
24 hr, c-jun mRNA levels peaked with a 13-fold increase
over 0 hr. c-jun mRNA levels had decreased at 48 hr. A
similar pattern of expression over time was observed for
c-fos mRNA levels, however, c-fos mRNA levels peaked at
levels 27-fold greater than O hr. These results are summa-
rized in FIG. 32. In sum, A2780-CP70 cells exhibited a
biphasic response to treatment with 70 uM cyclopamine,
with low levels of c-jun for at least 6 hr, followed by
increased levels of c-jun and c-fos that peaked at 48 hr.
These data suggest that disruption of the Hedgehog pathway
using cyclopamine results in suppression of c-jun for an
approximate 24 hour period.

Comparative Example 19

c-Jun Protein Expression in Cisplatin-Treated
A2780-CP70 Cells

c-jun protein expression was assessed in cisplatin-treated
A2780-CP70 cells using Western blot analysis. A2780-CP70
cells were treated with an IC50 dose of cisplatin (Li Q, et al.
J Biol Chem, 273:23419-23425, 1998). Referring to FIG.
33, c-jun protein expression increased substantial between
0-6 hr. c-jun protein levels waned between 6-72 hr. c-jun
protein expression in cisplatin-treated cells is consistent with
previous reports, and different from that observed in cyclo-
pamine-treated A2780-CP70 cells.

The expression pattern of c-jun and c-fos is similar in
A2780-CP70 cells treated with cisplatin or phorbol ester (Li
Q, et al. International Journal of Oncology, 13:987-992,
1998; Li Q, et al. Cellular and Molecular Life Sciences,
55:456-466, 1999).

Comparative Example 20

c-Jun Protein Expression in A2780-CP70 Cells
Treated with Cisplatin

Phosphorylation of c-jun protein in A2780-CP70 cells
treated with cisplatin was assessed using Western blot analy-
sis (Li Q, et al. J Biol Chem, 273:23419-23425, 1998) (FIG.
34). C-JUN is unregulated after treatment with cisplatin.

Example 21

c-Fos Protein Expression and c-Jun Protein
Phosphorylation in Cyclopamine-Treated
A2780-CP70 Cells

Protein expression of c-fos and phosphorylation of c-jun
in cyclopamine-treated A2780-CP70 cells was assessed
using Western blot analysis. Protein levels for c-jun, c-fos,
phosphorylated c-jun (Ser 63), phosphorylated c-jun (Ser
73), and phosphorylated c-jun (Thr 91, Thr 93) were tested
in cytosolic, nuclear, and whole cell fractions at 0 hr, 6 hr,
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24 hr, 48 hr, and 72 hr. Internal controls for cytosolic and
nuclear fractions included a-tubulin and histone deacetylase
3.

Referring to FIG. 35, c-jun protein levels, were low at O
hr and 24 hr, but increased in cytosolic and nuclear fractions
at 48 hr and 72 hr. For c-fos, protein levels were detected at
baseline, increased substantially at 6 hr, and plateaued at 24,
48 and 72 hr. For phosphorylated c-jun (Ser 63), no sub-
stantial expression was detected over 72 hr. For phospho-
rylated c-jun (Ser 73), protein expression was detected at 0
hr and 6 hr in cytosolic and nuclear fractions, with a gradual
increase in levels at 24 hour, 48 hr, and 72 hr. For phos-
phorylated c-jun (Thr 91, Thr 93), protein expression was
detected at O hr, with peak levels at 6 hr, substantial
expression levels at 24 hr, and a gradual decline at 48 hr and
72 hr. Protein was present in the cytosolic and nuclear
fractions, with greater levels of protein in the nuclear
fraction. In sum, the delayed increase in c-jun, after treat-
ment with cyclopamine, is characterized by increased phos-
phorylation Thr 91 and Thr 93; but not at Ser 63. Also, the
increase at Ser 73 in c-jun, peaks at 48-72 hr.

The observed pattern of c-jun expression was distinct
from the pattern observed in A2780-CP70 cells treated with
cisplatin (Li Q, et al. J Biol Chem, 273:23419-23425, 1998).
In response to cisplatin, c-jun (Ser 63/73) protein levels
peaked at 3-5 hr after cisplatin exposure, and dropped
dramatically below peak levels by 8 hr after exposure. FIG.
36 summarizes some differences between the c-jun response
to cyclopamine, versus the c-jun response to cisplatin, in
A2780-CP70 cells.

Accordingly, disruption of the Hedgehog pathway sup-
presses up-regulation of c-jun. Up-regulation of c-jun is
necessary for up-regulation of genes that play a role in
resistance to chemotherapeutic agents, such as genes
involved in nucleotide excision repair, such as ERCCI1
(Reed E. Cisplatin and platinum analogs. in: Cancer Prin-
ciples and Practice of Oncology; 8th Edition. Lippincott,
Williams, and Wilkins; Philadelphia, pp 419-26, 2008; Reed
E. Cisplatin, Carboplatin, and Oxaliplatin. in: Cancer Che-
motherapy and Biotherapy: Principles and Practice. 4th
Edition. Lippincott, Williams & Wilkins, Philadelphia, pp
332-343, 2006; Li Q, et al. AntiCancer Research, 20: 645-
652, 2000; Dabholkar, M., et al. J Clin Invest, 94:703-708,
1994; Dabholkar, M., et al. Oncology Reports, 2:209-214,
1995).

Example 22

Transfection of A2780-CP70 Cells with an
Anti-GLI1 shRNA Construct

An anti-Glil shRNA construct that incorporated an anti-
GLI1 shRNA in a pSUPERIOR GFP neo vector was trans-
fected into A2780-CP70 cells. This construct corresponds to
GLI1 shRNA-1 construct of Example 4. FIG. 37A and FIG.
37B show a field of cells at O hr after transtection. FIG. 37C
and FIG. 37D show a field of cells at 24 hr after transfection.
At 24 hr after transfection, >70% of cells were transfected
with the anti-Glil shRNA construct. At this level of trans-
fection, a 50% inhibition of growth was observed. Experi-
ments described herein, were carried out using cells that
remained adherent.

Example 23

Glil and Gli2 Expression in A2780-CP70 Cells
Transfected with Anti-GLI1 shRNA Construct

Glil protein expression was examined in nuclear and
cytoplasmic fractions of A2780-CP70 cells transfected with
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anti-GLI1 shRNA construct using Western blot analysis.
Referring to FIG. 38, Glil protein levels in the nuclear
fractions were reduced 44 hr post-transfection in comparison
to protein levels at O hr.

GLI1 mRNA expression was examined in A2780-CP70
cells transfected with anti-GLI1 shRNA construct at 6 hr, 24
hr, 48 hr, and 72 hr post-transfection using a semi-quantative
PCR analysis (FIG. 39). Blots were assessed by radioden-
sitometry. At 6 hr, the GLI1 mRNA expression was reduced
by approximately half compared to control cells, with fur-
ther reduction at 24 hr. There was partial recovery at 48 hr.
At 72 hr transfected cells and control cells show equivalent
levels of GLI1 mRNA expression.

Gli2 protein expression was examined in A2780 and
A2780-CP70 cells transfected with anti-GLI1 shRNA con-
struct using Western blot analysis. Referring to FIG. 40, in
A2780-CP70 cells transfected with anti-GLI1 shRNA con-
struct, Gli2 protein levels remain similar after 24 hr post-
transfection.

Example 24

c-Jun and c-Fos Expression in A2780-CP70 Cells
Transfected with Anti-GLI1 shRNA Construct

c-jun and c-fos mRNA expression was examined in
A2780-CP70 cells transfected with anti-GLI1 shRNA con-
struct at 6 hr, 24 hr, 48 hr, and 72 hr post-transfection using
semi-quantative PCR analysis (FIG. 41). Transfection of the
anti-Glil shRNA construct resulted in a 5-6 fold increase in
c-fos mRNA compared to control cells at 24 hr, which
returned to baseline at 72 hr. For c-jun, there was no
substantive difference between transfected and control cells.
Comparable changes were observed in c-fos and c-jun
protein levels in transfected and control cells. In sum,
treatment with anti-Glil shRNA construct resulted in stable
mRNA levels of c-jun and increased levels of c-fos in
A2780-CP70 cells.

These data suggest that the c-jun response in A2780-CP70
cells is similar whether the hedgehog pathway is challenged
by inhibiting the plasma transmembrane protein, Smooth-
ened, with cyclopamine, or by reducing the levels of the
transcriptional activator, Glil, by transfecting cells with
anti-Glil shRNA construct. An increase in c-jun protein
expression is suppressed for 6 to 24 hr when the Hedgehog
pathway is challenged by methods that result in ~50% cell
killing. In contrast, the c-jun response in cells treated with an
IC50 dose of cisplatin is very different. Suppression of the
Hedgehog pathway results in suppression of c-jun expres-
sion.

The Hedgehog pathway acting through Glil may allow
for the rapid up-regulation of c-jun after treatment of cells
with cisplatin. Rapid up-regulation of c-jun would allow for
rapid up-regulation of ERCC1 and other NER genes that
play a role in removal of platinum-DNA damage.

The >20-fold higher levels of Glil that are observed in
cisplatin-resistant A2780-CP70 cells (as compared to cis-
platin-sensitive A2780 cells), would allow for greater up-
regulation of NER. This greater up regulation of NER would
be consistent with previous observations, when comparing
these two cell lines for platinum-DNA adduct repair. Such an
interaction between Glil and Jun has been described on
non-NER genes.

Example 25

c-Jun Protein Phosphorylation in A2780-CP70 Cells
Transfected with Anti-GLI1 shRNA Construct

Phosphorylation of c-jun in A2780-CP70 cells transfected
with anti-GLI1 shRNA construct was assessed using West-
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ern blot analysis. Protein levels for c-jun, phosphorylated
c-jun (Ser 63), phosphorylated c-jun (Ser 73), and phospho-
rylated c-jun (Thr 91, Thr 93) were examined at 0 hr, 6 hr,
24 hr, 48 hr, and 72 hr. Referring to FIG. 42, c-jun (Ser 63)
upregulation is inhibited in cells transfected with anti-GLI1
shRNA construct; c-jun (Thr 91, Thr 93) is upregulated.

The anti-GLI1 shRNA construct inhibits phosphorylation
of c-jun at Ser 63. c-jun (Ser 63) plays a role in cellular
resistance to chemotherapeutic agents, and DNA repair, such
as ERCCl-related DNA repair. Accordingly, inhibition of
Glil is likely to block the up-regulation of the c-jun (Ser 63)
cascade and inhibit DNA repair mechanisms, such as those
in which ERCC1 plays a role.

Glil and c-jun may co-operate in the transcriptional
regulation of some genes (Laner-Plamberger S, et al. Onco-
gene 28:1639-1651, 2009). The data presented here suggests
that Glil and c-jun cooperate in the transcriptional regula-
tion of at least ERCC1 and other DNA repair genes.

Example 26

Sonic Hedgehog (SHH) and Indian Hedgehog
(IHH) Expression in A2780 and A2780-CP70 Cells
Transfected with Anti-GLI1 shRNA Construct

Monolayers of A2780 cells or A2780-CP70 cells were
transfected with anti-GLI1 shRNA construct. SHH and IHH
protein expression was examined 24 hr post-transfection on
whole cell lysates using Western blot analysis. Referring to
FIG. 43, at 24 hr post-transtection, IHH protein levels were
similar in A2780 and A2780-CP70 cells, while SHH protein
levels were >10 fold higher in A2780 cells compared to
A2780-CP70 cells. At 24 hr post-transfection, THH levels
were >5 fold and >20 fold greater than SHH levels in A2780
cells and A2780-CP70 cells, respectively. These differences
contrast to those seen in A2780-CP70 cells treated with
cyclopamine where IHH and SHH protein levels were
virtually the same.

Protein levels of Glil, SHH, and IHH in A2780-CP70
cells were examined at O hr, 6 hr, 24 hr, 48 hr, and 72 hr
post-transfection in cytosolic and nuclear fractions and
whole cell lysates using Western blot analysis. Referring to
FIG. 44, Glil protein levels peaked at 6 hr, were reduced at
24 hr, and not detected at 48 and 72 hr. SHH ligand protein
levels peaked at 24 hr in cytosolic fractions, and decreased
thereafter. In nuclear fractions, SHH protein levels remained
low and peaked at 48 hr. In whole cell lysates, SHH protein
levels exceeded the sum of the levels observed in the
cytosolic and nuclear fractions, suggesting that SHH may
accumulate in a cell membrane fraction in these assays. IHH
ligand protein levels gradually increased over the initial 24
hr in the cytosolic and nuclear fractions, and those levels
were maintained at hr 48 and 72. FIG. 44 also shows that
IHH ligand protein levels were greater than SHH ligand
protein level in A2780-CP70 cells at 24 hr post-transfection.
In sum, treatment of cisplatin-sensitive and cisplatin-resis-
tant human ovarian cancer cells with an anti-Glil shRNA
construct has different effects on the cellular protein levels
of SHH and THH.

Example 27
ERCC1, XPD, or XRCC1 mRNA Levels in
A2780-CP70 Cells Treated with Cyclopamine or
Transfected with Anti-Glil shRNA Construct

Cellular insults that result in 50% cell killing in A2780-
CP70 cells can result in up-regulation of the JUN-kinase
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pathway and/or the ERK pathway (Li Q, et al. ] Biol Chem,
273:23419-23425, 1998; Li Q, et al. International Journal of
Oncology, 13:987-992, 1998; i Q, et al. Cellular and
Molecular Life Sciences, 55:456-466, 1999). Up-regulation
of these pathways can result in up-regulation of ERCC1 and
other essential DNA repair genes. To determine whether the
Hedgehog pathway plays a role in up-regulation of ERCC1,
the Hedgehog pathway was inhibited in conditions that
resulted in 50% cell killing.

A2780-CP70 cells were treated with 70 uM cyclopamine,
a concentration that causes 50-70% cell death. mRNA levels
for ERCC1 and XPD of the NER pathway, and XRCC1 of
the base excision repair pathway were determined at 6 hr, 24
hr, 48 hr, and 72 hr in treated and non-treated cells using
semi-quantative PCR. Referring to FIG. 45, there was no
increase in mRNAs for ERCC1, XPD, or XRCC]1 following
cyclopamine treatment in A2780-CP70 cells.

In another experiment, A2780-CP70 cells were trans-
fected with anti-Glil shRNA construct. mRNA levels for
ERCCI1 and XPD of the NER pathway, and XRCC1 of the
base excision repair pathway were determined at 6 hr, 24 hr,
48 hr, and 72 hr in transfected and control cells using
semi-quantative PCR. Referring to FIG. 46, there was no
increase in mRNAs for ERCC1, XPD, or XRCC1 in A2780-
CP70 cells transfected with anti-Glil shRNA construct.

In sum, A2780-CP70 cells treated with cyclopamine or
transfected with anti-Glil shRNA construct at levels that are
associated with 50% cell killing had no detected effect on
mRNA levels for ERCC1, XPD, or XRCC1. This observa-
tion contrasts with previous experiments where ERCCI,
XPD, or XRCC1 were up-regulated in A2780-CP70 cells
treated with other agents that invoke >50% cell death,
including cisplatin and phorbol ester at IC50 doses.

Example 28

ERCC1, XPD, or XRCC1 mRNA Levels in
Anti-Glil shRNA Construct—Transfected
A2780-CP70 Cells Treated with Cisplatin

A2780-CP70 cells were transfected with anti-Glil
shRNA construct at levels associated with 50% cell death.
Cells were treated 24 hr post-transfection with 40 uM
cisplatin for 1 hr (IC50 dose). mRNA levels of ERCC1,
XPD, or XRCC1 were measured in adherent cells 6 hr, 24,
hr, 48 hr, and 72 hr post-treatment using semi-quantative
PCR. Referring to FIG. 47, mRNA levels of ERCC1, XPD,
or XRCC1 were similar at each time point. This observation
contrasts with an expected 6-fold increase in ERCC1 mRNA
levels, in cells treated with cisplatin only (Li Q, et al.
Modulation of ERCC-1 mRNA expression by pharmaco-
logical agents in human ovarian cancer cells. Biochemical
Pharmacology, 57:347-353, 1999; Li Q, et al. Effect of
interleukin-1 and tumor necrosis factor on cisplatin-induced
ERCC1 mRNA expression in a human ovarian carcinoma
cell line. Anticancer Research, 18: 2283-2287, 1998). FIG.
48 shows the results of a similar experiment. Surprisingly,
transfection with anti-Glil shRNA construct for 24 hr, then
treatment with an IC50 dose of cisplatin in A2780-CP70
cells, results in the absence of an expected cisplatin-related
up-regulation of the mRNA of ERCC1, XRCC1, and XPD

In sum, in cells treated with cisplatin, expression levels of
ERCCI1, XPD, and XRCCI1 proteins increase S-fold. How-
ever, in cells pretreated with anti-Glil shRNA construct, the
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expression levels of ERCC1, XPD, and XRCC1 do not
increase in response to treatment to cisplatin.

Example 29

CD44, CD117 (c-Kit), and Glil Protein Levels in
A2780 Cell Monolayers, Spheroids and Monolayers
Derived from Spheroids

A2780 and A2780-CP70 cells can be cultured to have
stem cell-like phenotypes by inducing spheroids in spheroid-
forming non-adherent culture conditions. CD44, CD117
(c-Kit), and Glil protein expression was assessed using
Western blot analysis in A2780 cells grown in monolayers
(MFC—monolayer forming cells), spheroids, and monolay-
ers derived from spheroids (SFC—spheroid forming cells),
monolayers derived from spheroids were cultured as
described in (Zhang S, et al. Cancer Res 68:4311-4320,
2008). FIG. 49 shows A2780 human ovarian cancer cells in
two growth forms: a) MFC=monolayer forming cells; and,
b) spheroids.

Referring to FIG. 50, protein expression for CD44,
CD117 (c-Kit), and Glil was detected in A2780 cell mono-
layers, spheroids, and monolayers derived from spheroids.
Expression of CD117 (c-Kit) was greatest in A2780 spher-
oids (lane 2). Protein expression for CD44 or Glil was
similar in A2780 cell monolayers, spheroids, and monolay-
ers derived from spheroids. Glil protein expression may be
greater in monolayers derived from spheroids than in spher-
oids.

Example 30

Localization of CD44 CD117 (c-Kit) and Glil
Protein Expression in A2780 Cell Monolayers,
Spheroids, and Monolayers Derived from Spheroids

CD117 (c-Kit), and Glil protein expression in A2780 cell
monolayers, spheroids, and monolayers derived from spher-
oids was assessed in cytoplasmic and nuclear fractions using
Western blot analysis. Referring to FIG. 51, CD117 was
detected in cytoplasmic fractions of cells cultured as mono-
layers, spheroids, or monolayers derived from spheroids.
Moreover, Glil was detected mostly in nuclear fractions.
CD44 was detected in mostly in the nuclear fraction of cells
grown as monolayers derived from sphereoids.

Example 31

IC50 Cisplatin Dose in A2780-CP70 Cells
Transfected with Anti-Glil shRNA Construct

A2780-CP70 cells were transfected with 0.07 pg/well
anti-Glil shRNA construct or control. Transfected cells were
treated with 0 uM, 10 uM, 30 uM, and 100 uM cisplatin at
24 hr post-transfection. Percent cell growth was determined
relative to control cells. Referring to FIG. 52A, cells trans-
fected with anti-Glil shRNA construct had an IC50 of 8 uM
cisplatin, compared to control cells with an IC50 of 28 uM
cisplatin. In another experiment, A2780-CP70 cells were
transfected with 0.02 pg/well or 0.07 pg/well anti-Glil
shRNA construct. Transfected cells were treated with 0 uM,
2 uM, 5 uM, 10 puM, 30 uM, and 50 uM cisplatin at 24 hr
post-transfection. Percent cell growth was determined rela-
tive to control cells (FIG. 52B). These results show that
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transfection with anti-Glil shRNA construct increases the
sensitivity of A2780-CP70 cells to cisplatin.

Example 32

1C50 Cisplatin Dose in A2780-CP70 Cells Treated
with Cisplatin and Cyclopamine

A2780-CP70 cells were treated with 20 uM cyclopamine
for 1 hr, and 0 pM, 10 uM, 30 uM, or 100 uM cisplatin at
24 hr post-transfection. Control cells were treated with
cisplatin only. Percent cell growth was determined relative
to control cells. Referring to FIG. 53, levels of cell killing
were similar for cells treated with cisplatin and cyclopamine
as for cells treated with cisplatin only. These results suggest
that the action of cyclopamine does not synergize with the
action of cisplatin.

Example 33

A2780-CP70 Cells Transfected with Anti-Glil
shRNA Construct

A2780-CP70 cells were transfected with an IC50 dose of
anti-Glil shRNA (treated) construct or vector (control).
Total intracellular c-jun mRNA and c-jun protein was mea-
sured at 6 hr, 24 hr, 48 hr, and 72 hr. FIG. 63 (upper panel)
and FIG. 63 (lower) show Northern and Western blots,
respectively, of c-jun expression in A2780-CP70 cells
treated with anti-Glil shRNA over time. Treatment with an
anti-Glil shRNA did not result in upregulation of total c-jun
protein or mRNA. Transfection of a construct encoding
anti-Glil shRNA does not result in upregulation of total
intracellular c-jun mRNA or c-jun protein.

Example 34

Identification of a GLI1 Isoform Binding the
C-JUN Promoter

A2780-CP70 cells treated with cisplatin results in upregu-
lation of phosphorylation of c-jun protein (Ser 63/73);
upregulation of c-jun (Ser 63/73) results in upregulation of
AP-1; upregulation of AP-1 results in upregulation of genes
including ERRC1, XPD, XPA, XRCC1, and other NER and
BER genes. Upregulation of ERCC1 does not occur if
upregulation of c-jun or AP-1 is blocked.

FIG. 52B shows a show depicting a cell survival assay in
which human ovarian cells were treated with various con-
centrations of cisplatin in the presence of an anti-Glil
shRNA. From FIG. 52B, increasing concentrations of an
anti-Glil shRNA resulted in increased percentage of cell
survival of cells treated with cisplatin.

FIG. 64 shows a schematic diagram of the primary
structures of several GLI1 protein isoforms. GLI1FL repre-
sents a full-length isoform of 1106 residues; GLI1AN rep-
resents an isoform of 978 residues with an N-terminal
truncation; tGLI1 represents an isoform of 1065 residues
with an N-terminal truncation; C'AGLI1 represents an iso-
form of about 700 residues with a C-terminal truncation; and
N'AGLI1 represents an isoform of about 900 residues with
an N-terminal truncation. Domains in the isoforms include:
a Degron domain that includes a residues that direct the
starting place of degradation; a SuFu binding domain; a
DNA binfing domain; a nuclear localization signal; and a
transactivation domain. GLI1AN and tGLI1 are two alter-
natively spliced GLI1 variants (See, e.g., Zhu H. and Lo H.,



US 9,464,291 B2

95

Current Genomics 11, 238, 2010, the disclosure of which is
incorporated herein by reference in its entirety). The
N'AGLI1 (GLI1-130) protein isoform can be phosphylated
or unphosphorylated; N'AGLI1 (GLI1-130) may be a post-
translational product from GLIFL (Stecca et al., EMBO J.
(2009) 28:663-676, the disclosure of which is incorporated
herein by reference in its entirety; Ruiz A. (1999) Develop-
ment 126: 3205-3216, the disclosure of which is incorpo-
rated herein by reference in its entirety). Table 4 summarizes
GLI1 protein isoforms.

TABLE 4

Alternative Example amino  *Weight
Name name Residues acid sequence (kDa)
GLI1 isoform 1 GLIIFL 1106 SEQ ID NO: 19 160
GLI1 isoform 2 GLIIAN 978 SEQ ID NO: 20 140
GLI1 isoform 3 tGLI1 1065 SEQ ID NO: 21 155

CAGLI1 ~900 100

N'AGLIL ~700 130

*Approximate molecular weight on denaturing polyacylamide gel

FIG. 65 shows the binding domains for three commercial
antibodies (#1, #2, and #3) to the full length isoform of GLI1
protein. FIG. 66 shows the binding domains for three
commercial antibodies (#1, #2, and #3) to the full length
isoform of GLI2 protein.

FIG. 67 depicts Western blots and a SouthWestern blot
prepared from nuclear lysate of A2780-CP70 cells and
probed with GLI1 antibodies #1, #2, and #3, and GLI2
antibodies #1, #2, and #3, and a DNA probe to the c-jun
promoter and comprising the GLI1 binding site. GLI1
antibodies #2 and #3 bind to bands that correspond to
GLI1-130 in phosphorylated and unphosphorylated states,
respectively (FIG. 67, lanes 2 and 3 of). Nuclear lysate
probed with a c-jun promoter probe binds to bands that
correspond to GLI1-130 in phosphorylated and unphospho-
rylated states (FIG. 67, lane 4). Thus, GLI-130 binds to the
c-jun promoter and suggests that GLI-130 plays a role in
AP-1 inhibition.

Example 35

Inhibition of Glil Results in Altered c-Jun
Activation Inhibition of Cisplatin-Induced
Up-Regulation of ERCC1, XPD, and XRCC1, and
Inhibition of Platinum-DNA Adduct Repair

Platinum-based anticancer agents are among the most
widely used agents in clinical oncology. Nucleotide excision
repair (NER) is the pathway through which platinum-DNA
damage is repaired; and, ERCCI1 is a useful biomarker for
the NER process in human cells. Understanding the molecu-
lar and pharmacologic control of NER, may allow for a more
complete understanding of the modes of cellular and clinical
resistance to this class of agents. In addition, such informa-
tion may contribute to the development of non-platinum
agents that damage DNA, and/or modulate DNA repair.

More than 30 genes are involved in the NER process,
which goes from DNA damage recognition, through incision
into the DNA strand at sites flanking the DNA damage,
through the helicase functions of XPB and XPD, through
damage removal, through gap-filling and ligation. DNA
damage excision is rate-limiting to the process. In DNA
damage excision, the last sub-step is the 5' incision into the
DNA strand, relative to the site of covalent damage. This 5'
incision occurs after the 3' incision, and after the 3'—=5' and
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5'—3' helicase functions of XPB and XPD. The 5' incision
is executed by the ERCC1-XPF heterodimer. Previous pub-
lications from our group show that up-regulation of ERCC1
is necessary, for the repair of platinum-DNA damage, after
an acute exposure to cisplatin.

ERCC1 is inducible in human ovarian cancer cells and
may be up-regulated after a 1 hour treatment with cisplatin.
After a 1 hour cisplatin IC50 dose, A2780-CP70 human
ovarian cancer cells up-regulate the mRNA and protein of
c-jun and c-fos; with a peak in mRNA levels at 1-2 hours.
C+jun protein is up-regulated with levels peaking at 3-5
hours after cisplatin treatment. C-jun protein is activated by
phosphorylation. C-jun phosphorylation is greatly enhanced
at 1 hour after cisplatin treatment, and levels peak at 15-fold
over baseline 3-5 hour after cisplatin treatment. C-jun phos-
phorylation at sites Ser63/73 is necessary to activate AP1.
AP1 activation leads to increased transcription of ERCCI.

C-jun has five potential Gli binding sites in the promoter
of the c-jun gene (Laner-Plamberger S, et al., Oncogene
2009; 28: 1639-1651). Further, there are two c-jun binding
sites in the promoter of the c-jun gene. The five Gli binding
sites are close together, at about —1000 bp to =700 bp in the
promoter, relative to the transcription start site. The two
c-jun binding sites are approximately 200-300 bases further
downstream on the promoter, closer to the initiation codon.
Glil up-regulates c-jun through one specific binding site, but
this also requires activated c-jun protein. Further, Gli2 can
up-regulate c-jun through that same specific binding site.
When Gli2 and c-jun bind to their respective sites concur-
rently, there is synergistic up-regulation of c-jun. When Glil
and c-jun bind to the same respective sites in the promoter,
synergistic up-regulation is not seen. Therefore, Glil and
Gli2 may be positive transcriptional regulators for c-jun, and
c-jun is a positive transcriptional regulator for itself. The
experiments described herein investigated the relationship
between Glil, c-jun, ERCCI, and cellular resistance to
cisplatin in human ovarian cells.

Results
Effect of Anti-Glil shRNA on Expression Levels of Glil,
Gli2, c-Jun, Shh, and Ihh

The effects of an IC50 dose of anti-Glil shRNA on
cisplatin-sensitive A2780 cells and cisplatin-resistant
A2780-CP70 cells were assessed. Cisplatin-sensitive A2780
cells and cisplatin-resisitant A2780-CP70 cells were treated
with 2.0 pg/ml shRNA per 200 microliter well anti-Glil
shRNA. Protein levels of Glil, Gli2, c-jun, Shh, Thh, and
GAPDH (control) were measured. Treatment with an IC50
dose of anti-Glil shRNA on cisplatin-sensitive A2780 cells
had no apparent effect on Glil or Gli2 protein levels; C-jun
protein increased slightly under these conditions (FIG. 77,
panels A and B). In cisplatin-resistant A2780-CP70 cells,
Glil protein was reduced by a factor of 10, after 24 hours of
anti-Glil shRNA. Gli2 levels increased slightly (FIG. 77,
panels A and B). Total c-jun protein level was essentially
unchanged. In the cisplatin-sensitive A2780 cells, levels of
Shh and Thh were unchanged after 24 hours of anti-Glil
shRNA (FIG. 77, panels C and D). In cisplatin-resistant
A2780-CP70 cells, Shh protein was reduced by a factor of
five, whereas the Thh protein level was unchanged (FIG. 77,
panels C and D). Thus, in cisplatin resistant cells, reduction
of Glil results in a reduction in Shh. This suggests that in
acquired cisplatin resistance, Glil contributes to the cellular
production of Shh ligand. Recent reports indicate that the
c-jun gene may have Gli binding sites in its 5' UTR.

C-jun mRNA and protein levels were further examined in
cisplatin-resistant A2780-CP70 cells treated with an IC50
dose of anti-Glil shRNA. FIG. 78 depicts mRNA levels
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(panel A) and protein levels (panel B) in cells at 6, 24, 48,
and 72 hours post-treatment. There was no increase c-jun
mRNA or protein expression at 24 hours post-treatment, and
a minimal increase in c-jun mRNA or protein expression 48
hours and 72 hours post-treatment.
Effect of Anti-Glil shRNA/Cisplatin on Phosphorlyation of
c-Jun

A2780-CP70 cells treated with an IC50 dose of cisplatin
show upregulation of c-jun, and a distinctive phosphory-
lation pattern of c-jun at sites Ser63/73. A2780-CP70 cells
were treated with an IC50 dose of cisplatin and an IC50 dose
of anti-Glil shRNA. In cells treated with cisplatin, c-jun
levels peaked at 6 hours after treatment, and returned to
baseline at 48 hours; the levels of c-jun phosphorylation at
Thr91/93 did not significantly change over the 72 hour
period of observation (FIG. 79, panel A). In cells treated
with anti-Glil shRNA, c-jun levels peak at 48 hours, and
Thr91/93 phosphorylation levels peaked at 6-24 hours (FIG.
79, panel B). The increase in c-jun phosphorylation at
Ser63/73 phosphorylation pattern was associated with the
up-regulation of c-jun. C-jun phosphorylation at Thr91/93
may be associated with a pro-apoptotic cascade for human
cells.
Effect of Anti-Glil shRNA/Cisplatin on Expression Levels
of ERCC1, XPD, and XRCC1

The effect of anti-Glil shRNA on the mRNA and protein
levels of selected DNA repair genes in cisplatin-resistant
A2780-CP70 cells was examined. Cells were treated with
shRNA at an IC20 dose for 24 hours, and then treated with
an IC50 dose of cisplatin for 1 hour. The results are shown
in FIG. 80; panel A and panel B depict mRNA levels and
protein levels, respectively, for the genes ERCC1, XPD, and
XRCC1. When treated with cisplatin alone, ERCC1 would
be expected to rise by more than 6-fold, as would XPD and
XRCC1 (unpublished data). As shown, pretreating cells with
anti-Glil shRNA resulted in no observed rise in mRNA or
protein over a 72 hour period after the cisplatin treatment.
The foregoing experiments indicated that direct inhibition of
Glil through the use of shRNA, inhibited up-regulation of
c-jun, and consequently ERCC1, XPD, and XRCC1. Glil is
a critical element of the Hedgehog pathway.
Effect of Cyclopamine on Expression Levels of c-Jun and
Phosphorylated c-Jun

Inhibition of the Hedgehog pathway at the level of the cell
membrane was examined using cyclopamine, an inhibitor of
Smoothened (Theunissen J W, et al., Cancer Res 2009; 69:
6007-6010). A2780-CP70 cells were treated at an IC50 dose
of cyclopamine (50 pM), and levels of c-jun and phospho-
rylated c-jun in nuclear, cytosol, and whole cell lysates were
measured at various time points. As was seen with the use
of shRNA, c-jun rose with a substantial delay (FIG. 81),
compared to cisplatin treatment at the cisplatin IC50 (FIG.
79, panel A). The c-jun rise after cyclopamine treatment was
apparent at 24 hours and peaked at about 48 hours with the
predominant phosphorylation pattern at Thr91/93 (FIG. 81),
as was seen with anti-Glil shRNA (FIG. 79, panel B).
Phosphorylation of c-jun at Ser63 was not observed at any
time during the 72 hour observation period.
Effect of Cyclopamine/Cisplatin on Expression Levels of
ERCC1, XPD, and XRCC1

Up-regulation of mRNA of ERCC1, XPD, and XRCC1
was examined. A2780-CP70 cells were pretreated with an
1C50 dose of cyclopamine for 24 hours, followed by treat-
ment with 30 uM cisplatin for 1 hour. ERCC1, XPD, and
XRCC1 mRNA levels were upregulated approximately
2-fold over baseline, with the highest levels seen at 24 hours
after cisplatin exposure (data not shown). The mRNA peaks
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were delayed as compared to cisplatin alone, where peak
levels occurred at 4-6 hours after the cisplatin exposure. This
observation was in contrast to pretreatment with anti-Glil,
where up-regulation was blocked for the 72 hour period of
observation, as shown in FIG. 80.

Effect of Pretreatment with Anti-Glil shRNA/Cyclopamine
on Cellular Sensitivity to Cisplatin

Sensitivity to cisplatin in cells treated with anti-Glil
shRNA and cyclopamine was examined. Data from such
experiments are shown in FIG. 82, panel A (shRNA) and
panel B (cyclopamine). Optimal supra-additive cell killing
was seen with anti-Glil shRNA at an IC20 dose of 0.07
ng/well (FIG. 82A). When cisplatin-resistant A2780-CP70
cells were treated with anti-Glil shRNA 24 hours before
cisplatin, the IC50 was changed from 30 uM with cisplatin
alone, to 5 uM with the combination. This was a factor of six
(panel A). When these cells were pretreated with cyclo-
pamine, the IC50 for cisplatin did not change (panel B). FIG.
82 panel B, shows results with a cyclopamine dose of 20 uM
which is the 1C20 dose. The same experiment was per-
formed with cyclopamine at the IC50 dose of 50 uM. At
either dose, the cisplatin cell killing curve was not shifted by
cyclopamine. This indicated that inhibition of the Hedgehog
pathway at the level of the cell membrane was not associated
with a change in cellular sensitivity to cisplatin. However,
direct inhibition of Glil, which is a transcription factor for
c-jun, results in altering cellular sensitivity to cisplatin. This
was associated with inhibition of the up-regulation of three
critical DNA repair genes.

Effect of Anti-Glil shRNA on Platinum DNA Adduct Repair

When ERCC1 up-regulation is blocked in human ovarian
cancer cells, repair of platinum-DNA adduct is inhibited.
This has been shown using pharmacologic agents (Li Q, et
al., Biochem Pharmacol 1999; 57: 347-353), and using a
dominant negative to AP1 (Bonovich M, et al., Cancer Gene
Ther 2002; 9: 62-70). Three separate independent experi-
ments were performed to assess the effect of anti-Glil
shRNA on platinum (pt) DNA adduct repair on A2780-CP70
cells. The individual measurements from each experiment of
platinum per unit of cellular DNA are shown in FIG. 83,
panel A. Cells were pretreated for 24 hours with either
anti-Glil shRNA, or scrambled shRNA control. Cells were
then treated with cisplatin for 1 hour. Cells were harvested
immediately, the zero time point; or at 12 hours after the
cisplatin treatment was completed.

In the scrambled shRNA control, the mean level of
platinum-DNA adduct immediately after 1 hour of cisplatin,
time zero, at a dose of 30 UM, was 4.99 picograms platinum
per ug DNA. The numerical data are given in panel A. After
12 hours, the mean level of platinum-DNA adduct in these
cells was 1.10 picograms pt per ug DNA, or 22% of the
baseline level. Therefore, the amount of platinum-DNA
adduct repaired at 12 hours was 3.90 picograms pt per ug
DNA. This was fully consistent with previous reports of
cisplatin-DNA repair in these cells (Bonovich M, et al.,
Cancer Gene Ther 2002; 9: 62-70).

In comparison, when the anti-Glil shRNA was trans-
fected into cells, the platinum-DNA adduct level immedi-
ately after 1 hour of cisplatin, time zero, at a dose of 30 uM,
was a mean of 4.04 picograms platinum per pg DNA. After
12 hours, the mean level of platinum-DNA adduct in these
cells was 2.71 picograms platinum per ug DNA, or 67% of
the baseline level. Therefore, the amount of platinum-DNA
adduct repaired at 12 hours was 1.33 picograms platinum per
ng DNA.

FIG. 83 shows three different ways to express the differ-
ences between anti-Glil shRNA, and scrambled shRNA
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control, in terms of the repair of platinum-DNA adduct in
A2780-CP70 cells. In panel B, DNA adducts levels in
control cells were reduced from 100% of baseline, to 22%
of baseline over 12 hours; or 78% repair. In panel B, under
the influence of anti-Glil shRNA, DNA adduct levels were
reduced from 100% of baseline to 67% of baseline, or 33%
repair.

FIG. 83 panel C, shows the differences between anti-Glil
shRNA and scrambled control in terms of absolute platinum
levels measured at the two time points studied. In scrambled
control cells, mean DNA adduct levels were reduced from
4.99 units to 1.10 units. In cells pretreated with anti-Glil
shRNA, adduct levels were reduced from 4.04 units to 2.71
units. The detailed numbers are given in panel A.

FIG. 83 panel D, data were plotted as the absolute
amounts of platinum removed, under the two different
experimental conditions, anti-Glil shRNA and scrambled
control. In control cells, 3.90 units of adduct were removed
over 12 hours; in cells treated with anti-Glil shRNA, 1.33
units of adduct were removed over 12 hours. This was a
factor of three.

In FIG. 83 panel A, the percent repair of control cells was
compared to that observed in cells treated with anti-Glil
shRNA for each independent experiment. The percent of
baseline DNA damage in control cells in each of the three
experiments was: 17% in the first, 14% in the second, and
49% in the third, for a mean of 26.7%. The analogous
number in cells treated with anti-Glil shRNA was: 88% in
the first, 51% in the second, and 82% in the third, for a mean
of 73.7%. These numbers were statistically different with a
two-sided p value of 0.04.

In sum, use of the anti-Glil shRNA in cisplatin-resistant
cells, resulted in a block of the cells’ ability to upregulate
genes in response to cisplatin treatment, including: c-jun,
ERCCI1, XPD, and XRCCI1. This block in upregulation of
c-jun was concurrent with a change in the phosphorylation
pattern of the c-jun protein, shifting that pattern from a
Ser63/73 dominant pattern, to a Thr91/93 dominant pattern.
A2780-CP70 cells were treated at their cisplatin IC50, and
DNA repair was assessed after pretreatment with anti-Glil
shRNA or scrambled shRNA control. Control cells repaired
78% of platinum-DNA adducts at 12 hours; compared to
33% repair in cells pretreated with anti-Glil shRNA; a 2.4
fold difference. Pretreatment of A2780-CP70 cells with
anti-Glil shRNA resulted in supra-additive cell killing with
cisplatin; shifting the cisplatin IC50 from 30 uM to 5 uM.
Pretreatment of these cells with cyclopamine, did not shift
the cisplatin IC50. The transcriptional protein Glil is impor-
tant in the upregulation of these three DNA repair genes in
human ovarian cancer cells, and therefore strongly influ-
ences platinum-DNA adduct repair, and cellular sensitivity
to cisplatin. This Glil role has c-jun as an intermediate in the
pathway.

Discussion

Data provided herein show that anti-Glil shRNA trans-
fection into cisplatin-resistant A2780-CP70 human ovarian
cancer cells resulted in a series of specific events. The c-jun
protein cascade was switched from a Ser63/73 cascade to a
Thr91/93 cascade. Cisplatin induction of ERCC1 was
blocked, along with the induction of XPA and XRCCI.
Repair of platinum-DNA adduct was reduced by more than
60%. In addition, cells became more sensitive to cisplatin by
a factor of six, with a change in the IC50 from 30 uM to 5
uM. Further, when Hedgehog was inhibited at the level of
the cell membrane, cellular sensitivity was not altered. This
distinction may be significant in the development of phar-
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macologic treatment strategies for cancer, where cisplatin
resistance is a substantive clinical issue.

It was noteworthy that in cisplatin-resistant cells, treat-
ment with the anti-Glil shRNA eliminated Glil message,
and Shh message (FIG. 77). This did not occur in cisplatin-
sensitive parental A2780 cells. This suggested that the
development of cisplatin resistance, may be related to the
development of a feedback loop between the positive tran-
scription factor, Glil, and an external stimulus that activates
the pathway, sonic hedgehog ligand. It is possible that
elucidation of the relationship may yield important insights
into the development of cisplatin resistance in human ovar-
ian cancer.

The Hedgehog pathway is of critical importance in early
fetal development, in maintenance of the cancer stem cell,
and of critical clinical importance in several important
malignancies. Its role in cancer stem cell biology is not
clear; but, may be related in part to the extreme drug
resistance phenotype of cancer stem cells. The data pre-
sented herein suggest that Glil may be important in the
transcriptional regulation of at least one gene that is critical
to the transcriptional control of ERCC1, XPD, and nucleo-
tide excision repair. Also, the data suggest a role for Glil in
the control of XRCC1 and base excision repair.

ERCCI1 1is necessary for the repair of cisplatin-DNA
adduct. ERCC1 mRNA levels and protein levels in tumor
tissues, are directly related to clinical resistance to platinum-
based chemotherapy. Studies in a range of cancers have
shown that levels of ERCC1 mRNA and/or ERCC1 protein,
are directly related to clinical resistance to platinum-based
chemotherapy for: ovarian cancer, non-small cell lung can-
cer, bladder cancer, gastric cancer, colon cancer, and other
malignancies. ERCC1 is highly conserved in nature, with
homologues in E. Coli, in plants, and in every living
organism yet examined.

Coordinate expression of genes involved in the NER
repairosome has been observed in: non-malignant bone
marrow, brain cancer, and, ovarian cancer. The up-regulation
of ERCCI is accompanied by concurrent up-regulation of
other critically important genes of the NER repairosome, in
human cells and tissues. These genes include: XPA, XPB,
XPD, and CSB. All of these genes have AP1 binding sites in
their promoter regions (Zhong Z, et al., Int J Oncol 2000; 17:
375-380). AP1 is the heterodimer of c-jun and c-fos. Since
Glil participates in the transcription of c-jun, Glil may play
a role in the regulation of other genes in the NER repai-
rosome that are influenced by c-jun.

The specific c-jun phosphorylation pattern that is associ-
ated with the formation of AP1, is the Ser63/73 pattern.
Blockage of the formation of AP1, either through inhibition
of c-jun or c-fos, results in blockage of up-regulation of
ERCC1, and inhibition of platinum-DNA adduct repair. The
Ser63/73 up-regulation cascade is non-overlapping with the
Thr91/93 up-regulation cascade. These two cascades appear
to regulate different intracellular processes. The Ser63/73
cascade is associated with up-regulation of a number of
pro-survival genes. In contrast, the Thr91/93 cascade may be
more pro-apoptotic; and is modulated by the phosphory-
lation of Thr95, prior to the phosphorylation of Thr91/93.
The up-regulation of c-jun may occur in response to a
number of disparate agents. The relationship between Glil,
c-jun and ERCC1 is summarized in FIG. 84.

Example 36

A Specific Isoform of Glil Binds the Gli-Binding
Site of the c-Jun and c-Fos Promoters

The hedgehog pathway is critically important in the
maintenance of human cancer stem cells. The hedgehog role
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in cancer stem cells is related in part to the positive tran-
scriptional regulatory protein Glil in: basal cell carcinoma;
ovarian cancer; pancreatic cancer; neuroblastoma; medullo-
blastoma; prostate cancer; gastric cancer; glioblastoma; gall-
bladder carcinoma, and other malignancies. The importance
of the hedgehog signaling pathway in human ovarian cancer
is related to its roles in cell invasion and differentiation,
cellular apoptosis, and having an effect on patient prognosis
which can be impacted by drug resistance.

One of the key phenotypic characteristics of cancer stem
cells is a high level of drug resistance, which may include
resistance to platinum compounds. In addition to ovarian
cancer, Glil has been linked to drug resistance in malignan-
cies that include: pancreatic cancer; breast cancer; gastric
cancer; gliomas; and a range of solid tumors. The gene Glil
has been specifically linked to cellular resistance to pacli-
taxel, temozolomide, cisplatin, and to the multidrug resis-
tance phenotype.

When comparing paired cisplatin-sensitive and cisplatin-
resistant human ovarian cancer cells, the resistant cell line
expressed more than 10-fold higher levels of Glil protein
than the cisplatin-sensitive counterpart. When Glil is inhib-
ited in cisplatin-resistant human ovarian cancer cells, using
a Glil-specific shRNA, there is inhibition of the normal
cellular responses to cisplatin, and inhibition of platinum-
DNA adduct repair. This nexus between Glil and cisplatin
resistance, appears to contribute to the cancer stem cell
phenotype of extreme cellular resistance, to this class of
anticancer agents.

Globally, Glil appears to have multiple intracellular func-
tions. Those functions, observed in different in vitro sys-
tems, include the regulation of: growth of cancer cells;
migration and invasion; metastasis formation; osteopontin;
the androgen receptor; neural stem cell development; endo-
crine cell specification; genes of nucleotide excision repair
and base excision repair; and other seemingly disparate
activities.

Glil has an important role in regulating c-jun, which
participates with c-fos in the formation of the transcriptional
protein Activator Protein 1, or AP1 (Li Q, et al., J Biol
Chem. 1998 Sep. 4; 273(36):23419-25). AP1 is the heterodi-
mer of c-jun and c-fos, connected through a leucine zipper,
which is the positive transcriptional regulator for ERCCI1,
and other genes of nucleotide excision repair and base
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excision repair. Inhibition of AP1 leads to inhibition of
nucleotide excision repair, and sensitization of cells to the
anti-cancer agents cisplatin, carboplatin, and oxaliplatin
(Bonovich M, et al., Cancer Gene Ther. 2002 January;
9(1):62-70; Zhong Z, et al., International Journal of Oncol-
ogy, 17:375-380, 2000; and Li Q, et al., Biochem Pharma-
col. 1999 Feb. 15; 57(4):347-53).

Glil has five known isoforms (Stecca B, et al., EMBO J.
2009 Mar. 18; 28(6):663-76). Most are splice variants of the
full length protein. At least one isoform is not a splice
variant, but is a post-translational N-terminal truncation of
the full length protein. The findings provided herein suggest
that only one of the five known isoforms of Glil, binds the
Gli-binding-site in the promoter of c-jun and of c-fos. This
suggests that only this isoform of Glil participates in the
regulation of genes of nucleotide excision repair and base
excision repair.

Methods

Cell Culture Conditions—Ovarian cancer cells: Cisplatin-
sensitive A2780 human ovarian cancer cells, and cisplatin-
resistant A2780-CP70 and A2780-cis human ovarian cancer
cells have been studied extensively (Li Q, et al., J Biol
Chem. 1998 Sep. 4; 273(36):23419-25; Bonovich M, et al.,
Cancer Gene Ther. 2002 January; 9(1):62-70; Li Q, et al.,
Biochem Pharmacol. 1999 Feb. 15; 57(4):347-53). Cells
were retrieved from frozen stock, and used in these studies
between passages 5 and 30. RPMI 1630 media (Gibco) was
used with the following additives; 10% fetal bovine serum
(Gibco), 1-glutamine (Gibco), insulin (Sigma-Aldrich), and
penicillin/streptomycin (Gibco). The following human ovar-
ian cancer cell lines were used: SKOV3, OV90, ES-2, and
TOV-112D. The same growth media and cell culture con-
ditions were used for all six human ovarian cancer cell lines.

Clinical Patient Samples—A random sample of 7 ovarian
cancer and 3 non-cancer patient ovary samples were
obtained from the Mitchell Cancer Institute Bio-Bank. Pro-
tein, RNA, and DNA were isolated using TRIzol (Invitro-
gen) according to the manufacturer’s instructions.

Electrophoretic Mobility Shift Assay (EMSA)—Nuclear
lysates used for Western and Southwestern blotting and
EMSAs were prepared from A2780/CP70 cells and the
protein concentration were determined. Gli-binding-site
(GBS) DNA oligonucleotides were purchased from Inte-
grated DNA Technologies, and are listed in Table 5.

TABLE 5

Primer Sequence
Biotin-labeled c¢- Forward 5'-biotin-CTC AAC GTG GGG GGC CGA CTC SEQ ID
Jun promoter GBS TCG-3' NO.: 22
Reverse 5'-biotin-CGA GAG TCG GCC CCC CAC GTT SEQ ID
GAG-3" NO.: 23
Unlabeled c-Jun Forward 5'-CTC AAC GTG GGG GGC CGA CTC TCG-3' SEQ ID
promoter GBS NO.: 24
Reverse 5'-CGA GAG TCG _GCC CCC CAC GTT GAG-3' SEQ ID
NO.: 25
Biotin-labeled Forward 5'-CTC AAC GGA CCA CCC AGA CTA TCG-3' SEQ ID
consensus GBS NO.: 26
Reverse 5'-CGA TAG TCT GGG TGG TCC GTT GAG-3' SEQ ID
NO.: 27
Biotin-labeled ¢- Forward 5'-biotin-CCC CTC ATC TTG GGG GGC CCA SEQ ID
Fos promoter GBS CGA GAC CCT CTG-3' NO.: 28
Reverse 5'-biotin-CAG GGA GTC TCG TGG GCC CCC SEQ ID
CAA GAT GAG GGG-3' NO.: 29
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TABLE 5-continued
Primer Sequence
Cloning primers Glil- 5'-AAA AAA AAA AGC TTA TGT TCA ACT SEQ ID
Forward CGA TGA CCC CA-3' NO.: 30
Glil-myc 5'-AAA AAA AAA AAG CTT CTA CAG ATC SEQ ID
tag-Reverse TTC TTC AGA AAT AAG TTT TTG TTC GGC NO.: 31

ACT AGA GTT GAG GAA TTC-3!

Double-stranded DNA (dsDNA) probes were generated
by adding 1 uM of the forward and reverse compliment
oligonucleotides in annealing buffer (10 mM Tris, 1 mM
EDTA, 50 mM NaCl, pH 8.0) and heated to 95° C. and then
cooled at a rate of 1° C./minute to room temperature.

The DNA-binding reaction was carried out using 20 fmol
of biotin-labeled dsDNA, 1 pg poly(dI-dC), and 20 ng
nuclear lysate protein in a 20 ulL volume of reaction buffer
(40 mM HEPES, 25 mM KCI, 10 mM MgCl,, 10 mM
ZnS0,, 500 uM EDTA, 10% glycerol, pH 7.8) on ice for 30
minutes. In supershift experiments, 10 pg of either Glil
antibody #1 or #3, was added after the 30 minute incubation.
In steric hindrance experiments, Glil antibodies and nuclear
lysate were incubated at 4° C. for 30 minutes prior to the
DNA-binding reaction. In competition experiments, excess
unlabeled oligonucleotides were incubated concurrently
with the labeled GBS dsDNA. DNA-protein complexes
formed in the binding reaction were separated on a 6%
native polyacrylamide gel, transferred to positively charged
PVDF membrane (Immun-Blot, Bio-Rad), and probe bind-
ing visualized using a LightShiftChemiluminescent EMSA
Kit (Pierce) according to manufacturer’s instructions.

Western and Southwestern Blotting—Nuclear lysate pro-
tein (60 pg), clinical samples (10 pg), or eluate from
immunoprecipitated myc-tagged Glil in Laemli buffer was
electrophoresed on a 8% polyacrylamide gel under denatur-
ing conditions and transferred to PVDF membrane. The
following primary antibodies were used: a-tubulin (Santa
Cruz), Glil (Cell Signaling 2553; R&D AF3455; Biol.egend
642401), or Gli2 (Santa Cruz sc-20291; Santa Cruz
sc-28674; Abcam ab26506). The next day membranes were
incubated with the appropriate secondary antibody: anti-
goat (Promega), anti-rabbit, or anti-mouse (Cell Signaling)
for one hour at room temperature, rinsed, and visualized by
chemiluminescence (Thermo-Pierce Super Signal West
Dura Extended Duration Substrate). Membrane images were
recorded using a Fuji LAS-3000 Intelligent Darkbox Digital
Imager. Protein bands of the patient samples were quantified
using the Fuji Image Gauge Software and results were
analyzed using a two sided t-test.

For Southwestern blotting, membranes were rinsed with
TNED buffer (10 mM Tris, 50 mM NaCl, 0.1 mM EDTA, 1
mM DTT, pH 7.8), placed in blocking buffer (5% non-fat
milk in TNED) for 2 hours. Membranes were rinsed and
placed in blocking buffer containing the dsDNA probe (5
nM) at 4° C. overnight. Membranes were rinsed, UV-
crosslinked, and visualized using a LightShiftChemilumi-
nescent EMSA Kit.

Plasmids, transfections, and immunoprecipitation—Glil
was myc-tagged (EQKLISEEDL; SEQ ID NO:32) on the
C-terminal end of the protein by PCR using the primers
listed in Table 5. The template for PCR amplification was
pBS/Glil ¢cDNA was a gift of Bert Vogelstein (Addgene
plasmid #16419) using the following cycling conditions: 95°
C. 5:00; 95° C. 1:00, 55° C. 1:00, 72° C. 3:30 for 30 cycles;
72° C. 5:30. The resulting 3379 bp fragment was digested
with HindIII and cloned into the pLNCX vector (Clonetech).
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Verification of the insert and orientation was done by
sequencing (Laragen). Glil-myc was transfected into
A2780/CP70 cells in 10 cm?® dishes using FuGene6 (Roche,
Madison, Wis.) according to manufacturer’s directions. At
24 hours post-transfection, Glil-myc transfected cells were
lysed in 1% Triton-X 100, 50 mMTris-HCI pH 7.2, 150
mMNaCl, protease inhibitor cocktail (Sigma), and PhosS-
TOP (Roche) and analyzed by western blot or immunopre-
cipitation. Glil-myc was immunoprecipitated using Dyna-
beads® Protein Almmunoprecipitation Kit (Invitrogen)
using anti-myc antibodies (ab9106, Abcam) according to
manufacturer’s instructions. Approximately, 1000 pg of
lysate was used per immunoprecipitation and incubated
overnight at 4° C. with constant rotation. The next day, the
immunoprecipitation was washed and eluted in 20 pul of 2x
Laemmli Sample Buffer (Bio-Rad) and heated for 5 minutes
at 95° C.

Results

Glil has five known isoforms. FIG. 85 shows the five
currently known isoforms of the Glil protein which range
from ~700 to 1106 amino acids in length; and, range in
molecular weight from 100 kDa to 160 kDa. There are six
well described domains of the Glil protein. The Degron
domain binds to ubiquitin, leading to protein degradation.
The SuFu binding domain phosphorylates Glil, and regu-
lates Glil activity through multiple mechanisms. It is known
that the phosphorylated forms of Glil tend to stay in the
cytoplasm; and that dephosphorylated forms tend to trans-
locate to the nucleus. The DNA binding domain has 5 zinc
fingers. The nuclear localization domain and the nuclear
export domain are in close proximity to the DNA binding
domain. The transactivation domain, near the C-terminus, is
active in carrying out transcription.

To distinguish the different isoforms of Glil three differ-
ent antibodies were used (FIG. 86, left panel). Antibody #1
was obtained from Cell Signaling, product number 2553.
This antibody recognizes amino acid residue glycine 420,
which is in the area of the nuclear localization sequence of
the full length protein. Antibody #2 was obtained from
R&D, product number AF3455. This antibody recognizes
epitopes formed by N-terminal amino acid residues 1-237.
These residues are in the N-terminal region of the full length
Glil protein. Antibody #3 was obtained from Biolegend,
product number 642401. This antibody recognizes epitopes
formed by N-terminal amino acid residues 223-237, which
are in the region of the SuFu domain.

Additionally, three different G1i2 antibodies were used to
demonstrate Gli2 does not bind the c-jun and c-fos promot-
ers (FIG. 86, right panel). Antibody #1 was obtained from
Santa Cruz, product number sc-20291. This antibody rec-
ognizes internal amino acid residues. The epitopes recog-
nized are in the region of the second Degron domain of the
Gli2 full length protein. Antibody #2 was obtained from
Santa Cruz, product number sc-28674. This antibody rec-
ognizes epitopes formed by C-terminal amino acid residues
841-1140. This is near the C-terminus of the full length Gli2
protein. Antibody #3 was obtained from Abcam, product
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number ab26506. This antibody recognizes amino acids
272-321; epitopes in the area of the N-terminus of the full
length Gli2 protein.

Glil, not Gli2, is responsible for binding Gli binding site
(GBS) in the c-jun and c-fos promoters. First, to confirm
Glil interacts with the c-jun and c-fos promoters and not
Gli2, simultaneous Western and Southwestern blots on
A2780-CP70 nuclear lysates were performed (FIG. 87A and
FIG. 87B). Three different Glil antibodies were used, shown
in lanes 1, 2, and 3, to detect the different Glil isoforms via
Western blotting. Additionally, lanes 5, 6, and 7 are western
blots using three Gli2 antibodies. Southwestern were per-
formed using dsDNA biotin-labeled oligonucleotide probes
to the GBS found in the c-jun and c-fos promoters.

In FIG. 87, panel A, proteins that bound the c-jun pro-
moter were analyzed. The Southwestern blot in lane 4 (c-jun
SWB) shows three bands that clearly bind the GBS: a double
band at approximately 130 kDa and a third band at approxi-
mately 90 kDa. The first Glil Western blot, lane 1, recog-
nized a 160 kDa band that corresponded with the full-length
Glil protein. The second Glil antibody, lane 2, recognized
the full-length 160 kDa Glil protein, a protein that is just
above 130 kDa in weight, and a faint recognition of a 90 kDa
protein. The Western blot with the third Glil antibody, lane
3, recognized a band at 130 kDa. The two 130 kDa proteins
recognized by the second and third Glil antibodies, corre-
spond to the 130 kDa double bands seen in lane 4. No
full-length Glil bound the c-jun promoter in A2780/CP70
cells.

Additionally, western blots using three Gli2 antibodies
were performed (FIG. 87, panel A). None of the three Gli2
antibodies recognized a 160, 130, or 90 kDa molecular
weight protein. Although Gli2 can be a positive transcrip-
tional regulator for c-jun, Gli2 does not bind this specific
GBS but the 130 kDa isoform of Glil binds to the GBS in
the c-jun and c-fos promoters in cisplatin-resistant A2780-
CP70 cells.

Since the formation of AP1 requires both c-jun and c-fos,
the presence of a GBS in the promoter of c-fos and regu-
lation of c-fos by Glil was examined. Approximately 181
base pairs upstream of the c-fos transcription start site is a
GBS identical to the one found in the c-jun promoter. The
Western and Southwestern blot experiments were repeated
with the GBS in the c-fos promoter (FIG. 87, panel B). The
Southwestern blot, lane 4 (c-fos SWB), on A2780/CP70
cells nuclear lysate using the biotin-labeled dsDNA c-fos
probe displayed a doublet band 130 kDa band, which
corresponded to the 130 kDa isoform of Glil, the phospho-
rylated and unphosphorylated isoforms. No full-length Glil
or any Gli2 isoform bands were observed in the c-fos
Southwestern blot. The predominant isoform binding to
GBS in c-jun and c-fos promoters is the 130 kDa Glil
isoform.

Glil binds the GBS in the c-jun and c-fos promoters in
A2780-CP70 cells. Experiments were performed to confirm
the presence of a Gli protein in nuclear lysates of A2780-
CP70 cells that specifically binds the GBS in the c-jun
promoter. Three different EMSAs were performed. The first
approach was to perform supershift analyses with Glil
antibodies. The second approach was to sterically inhibit
binding of GBS to nuclear lysate protein, using antibodies to
Glil. The last approach was to perform DNA-binding com-
petition experiments, using oligonucleotides to the GBS in
the c-jun promoter, as well as consensus GBS oligonucle-
otides.

In the first set of EMSAs, shown in FIG. 88, antibodies to
Glil were used to supershift the protein bound to the GBS
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of'both the c-jun and the c-fos promoters. Protein complexes
were allowed to form to the DNA probes, then, a Glil
antibody (#1 or #3) was added and allowed to incubate with
the DNA-protein complexes. Lane 1 is the negative control,
containing no nuclear lysate with the biotin labeled GBS
oligonucleotide and demonstrated no band shift. The addi-
tion of A2780-CP70 nuclear lysate with the biotin-labeled
c-jun oligonucleotide showed protein binding, resulting in a
band shift, shown in lane 2. When a Glil antibody was
added after the binding reaction incubation, shown in lanes
3 and 4, a supershift in band migration using either Glil
antibody was observed. The results demonstrated Glil binds
to the GBS in the c-jun promoter.

Glil binding to the c-fos promoter was examined using a
biotin-labeled c-fos dsDNA probe (FIG. 88). In the positive
control, lane 6, a similar shift in probe migration with the
c-fos probe, which was comparable with the c-jun EMSA
was observed. The addition of a Glil antibody to the c-fos
EMSA resulted in supershifting of the protein-DNA band,
shown in lanes 7 and 8. The results were comparable with
the c-jun supershift EMSAs and indicated Glil binds the
GBS of both the c-jun and c-fos promoters.

In the second set of c-jun EMSAs (FIG. 89), antibodies to
Glil were used to block binding of the DNA probe to the
DNA binding domain, in a steric fashion. In these experi-
ments, a combination of antibodies #2 and #3 was used in
the binding reaction. These antibodies are directed to the
N-terminal region of the protein, in the area immediately
proximal to the DNA binding zinc fingers. Once bound, the
antibodies would sterically inhibit the binding of Glil to the
GBS of the c-jun promoter.

The negative control shown in FIG. 89, lane 1 contained
no nuclear lysate with the biotin labeled GBS oligonucle-
otide and showed no band shift. The addition of A2780-
CP70 nuclear lysate with the biotin-labeled c-jun oligo-
nucleotide shows protein binding, resulted in a band shift,
lane 2. In lanes 3, 4, 5, 6, and 7 the nuclear lysate were
pre-incubated with increasing amounts of Glil antibodies.
As shown in FIG. 89, when increasing amounts of Glil
antibody were added, the ability to bind biotin-labeled DNA
decreased. This indicated successful blockage of the DNA-
binding domain of Glil to bind to the GBS of the c-jun
promoter.

In the last EMSASs, nuclear lysate from A2780-CP70 cells
were assayed for binding to the biotin-labeled c-jun pro-
moter containing the GBS (FIG. 90). In the negative control,
lane 1, no nuclear lysate was added with the biotin-labeled
c-jun probe showing no binding occurs. However, when
nuclear lysate was added a band shift was observed (see
arrow, FIG. 90), indicating a Gli protein binds the GBS in
the c-jun promoter. Increasing concentrations of unlabeled
c-jun GBS oligonucleotides competed for Gli binding, dem-
onstrated in lanes 3, 4, and 5. As the ratio of unlabeled DNA
to labeled DNA increases, signal is reduced in a stepwise
fashion. The specificity of the interaction of Gli with the
c-jun promoter was further confirmed by repeating the
competition experiment using a Gli consensus sequence. In
lanes 6, 7, and 8, the increase of unlabeled consensus GBS
competed for Gli binding and the band shift signal was
reduced in a stepwise fashion. This indicates that a Gli
protein interacts with the c-jun promoter in A2780-CP70
cells.

The expression of full-length Glil results in the 130 kDa
isoform and binds the c-jun promoter. In previous studies, it
was demonstrated that the 130 kDa isoform was produced
post-translationally from proteolytic cleavage of the N-ter-
minal region. To confirm that the 130 kDa isoform of Glil
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binds the GBS of the c-jun promoter, full-length Gli fused
with a C-terminal myc tag were transfected into A2780-
CP70 cells for further analyses (FIG. 91, panel A). Using the
protein lysate from transfected cells, immunoprecipitation
was performed using anti-myc tag antibodies to isolate Glil
and all N-terminal truncation mutants. FIG. 91 panel B,
shows a Western blot of A2780-CP70 protein lysate and the
myc immunoprecipitation and probed with the Glil anti-
body #3, the antibody which recognizes the 130 kDa isoform
of Glil. The myc immunoprecipitation has the full length
Glil in addition to the 130 kDa isoform, demonstrating the
isoform was produce by proteolytic processing of the full-
length Glil. Finally, to confirm that the 130 kDa isoform was
responsible for binding to the GBS of the c-jun promoter the
Southwestern blot was repeated using the myc tag immu-
noprecipitate (FIG. 91, panel C). The results showed that the
130 kDA protein band that corresponds to the N-terminal
truncated isoform of Glil. There was also a secondary band
suggestive of a phosphorylated form of this Glil isoform,
just above the 130 kDa, similar to results seen previously in
FIG. 87, panel A. No full-length Glil, corresponding to the
160 kDa was observed to bind the GBS of the c-jun
promoter. Of the Glil proteins generated by that transfected
full length Glil cDNA, the 130 kDa isoform was the only
form of the protein that binds the Gli-binding-site in the
c-jun promoter.

The 130 kDa Glil isoform was present in additional
samples. In the addition to the A2780-CP70 cell line, six
human ovarian cancer cell lines were also examined for the
presence of the 130 kDa protein that recognizes the GBS in
the c-jun and c-fos promoters by Western blotting (FIG.
92A). In ES-2, SKOV-3, TOV-112D, A2780, A2780-CP70,
and A2780-cis the 130 kDa Glil isoform was present.
Western blots on ten patient ovarian samples (7 cancer, 3
non-cancer) were also performed (FIG. 92, panel B) in
which the presence of the 130 kDa Glil isoform was
observed. The 130 kDa Glil isoform was quantitated from
each sample and normalized to actin and a loading control.
Non-cancer ovarian samples had an average of 0.066 while
the ovarian cancer samples had an average of 0.365, a 6-fold
increase (FIG. 93). Thus, the 130 kDa Glil isoform is more
highly expressed in ovarian cancer than non-cancer ovarian
tissues and may play a role in supporting the cancer stem cell
maintenance and drug resistance.

In sum, Glil participates in the transcriptional regulation
of c-jun, which in turn, participates in the transcriptional
regulation of genes in nucleotide excision repair. The c-jun
promoter and the c-fos promoter have identical Gli-binding-
sites (GBSs) that bind Glil. C-jun and C-fos form the
transcriptionally active heterodimer Activator Protein 1,
AP1. AP1, is the positive transcriptional regulator for
ERCCI1, and other DNA repair proteins. Glil is a transcrip-
tion factor in the Hedgehog pathway, and there are five
known isoforms of the Glil protein that exist in human cells.
Binding of a specific isoform of Glil to the transcriptional
regulatory sequences of c-jun and of c-fos was investigated.
Detailed studies were performed in -cisplatin-resistant
A2780-CP70 human ovarian cancer cells. EMSA studies
demonstrated the presence of a Gli protein in these cells
which bind to the Gli-binding-site, as well as the consensus
Gli-binding sequence. Supershift EMSA assays show that
Glil binds the Gli binding sites of c-jun and of c-fos.
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Southwestern blot analyses of protein lysates from A2780-
CP70 cells demonstrated that only one of the five known
Glil protein isoforms, the 130 kDa, bind the Gli-specific
binding site in the promoter of c-jun and c-fos. No Gli2
protein bound this specific binding site in the c-jun promoter,
in these cells. To further confirm the 130 kDa Glil isoform
was responsible for binding the c-jun promoter, the full-
length Glil with a C-terminal myc tag was transfected into
cells, and the protein products were assessed by immuno-
precipitation and Southwestern blot analysis. The trans-
fected full length Glil-myc generated a 130 kDa protein that
binds the Glil-specific binding site in the promoter of c-jun.
The presence of this 130 kDa Glil isoform was also
observed in six additional human ovarian cancer cell lines,
and ten clinical ovarian tissue samples. Of the ten clinical
ovarian tissue samples, seven were ovarian cancer tissue and
three were non-cancer ovarian tissues. The 130 kDa Glil
isoform was present in all specimens examined, but protein
levels were six-fold higher in malignant tissues. Thus, the
130 kDa isoform of Glil binds the Gli-binding site in the
promoters of c-jun and c-fos. Therefore, Glil may be the
transcriptional regulator of c-jun and c-fos, and thereby
regulates the transcription of ERCC1 and genes of nucleo-
tide excision repair.

Discussion

The Hedgehog pathway, and Glil in specific, is very
important in the biology of human ovarian cancer. In addi-
tion, this molecular pathway appears to play an important
role in the development of cellular and clinical drug resis-
tance in this disease. The single most important anticancer
class of compounds in the treatment of human ovarian
cancer is the platinums: cisplatin, carboplatin, and oxalipla-
tin. Glil exerts its role in cellular resistance to cisplatin
through its regulatory control of c-jun, which impacts genes
of nucleotide excision repair, including ERCC1. Also
affected are the genes XPD and XRCC1.

Results provided herein demonstrate that of the five
known isoforms of Glil, only one specific isoform is respon-
sible for binding to the Gli-binding-site of the c-jun pro-
moter, in A2780-CP70 human ovarian cancer cells. This
specific isoform of Glil also binds the Gli-binding-site in the
promoter of c-fos. This strongly suggests that only one of the
five known isoforms of Glil has a role in the modulation of
ERCCI1, and potentially other genes of nucleotide excision
repair. This 130 kDa isoform is prominently expressed in
each of seven human ovarian cancer cell lines studied; and,
prominently expressed in human ovarian cancer tissues.

The Hedgehog pathway has three groups of transcrip-
tional regulatory proteins; Glil, Gli2, and Gli3. Glil appears
to have at least five different isoforms; Gli2 has at least four
isoforms; and, G1i3 has at least five isoforms. The transcrip-
tional activity of each of these proteins depends on the
specific isoform in question, the specific tissue in question,
and the tissue context. All three Gli proteins have dominant
negative potential. However, full-length Glil or Gli2 do not
have repressor activity in in-vitro assays; but the C-terminal
truncated forms of Glil and Gli2 do express repressor
activity. The full-length Glil protein is 160 kDa in molecular
weight.

The 130 kDa isoform of Glil has been investigated in
neural stem cells, in which the 130 kDa isoform was
reported to be expressed as a doublet, corresponding to the
phosphorylated and unphosphorylated forms of the protein.
PP2A is the phosphatase that dephosphorylates this isoform.
PKA is the kinase that yields the phosphorylated 130 kDa
isoform; and, that when PKA is inhibited by forskolin, the
130 kDa isoform of Glil is largely eliminated from cells
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(Stecca B, et al., EMBO J. 2009 Mar. 18; 28(6):663-76). In
an analysis of a panel of tumor cell lines, the relative
abundance of three different Glil isoforms was: Glil-130
kDa>Gli1-100 kDa>Glil-full length 160 kDa. The relative
levels of abundance of these three isoforms were strongly
influenced by p53. The Glil 130 kDa isoform was shown to
be a post-translational N-truncated product of the full length
protein.

The N-terminal truncated Gli isoform, termed GlilAN, is
generated by a splice variant that skips exons 2 and 3
(Shimokawa T, et al., J Biol Chem. 2008 May 23; 283(21):
14345-54). Whereas both full-length Glil and GIlilAN
appear to have the same transcriptional activity on the same
target genes, they appear to be under distinct regulatory
controls. There are differential effects of SUFU and of Dyrk1
kinase on their activities. SUFU expression leads to higher
GlilAN activity; and, Dyrkl leads to higher activity of the
full-length Glil. This Glil1AN isoform is 140 kDa in molecu-
lar weight.

A splice variant of Glil, termed the tGlil, has been
reported that resulted from the deletion of 41 codons includ-
ing exon 3 and part of exon 4 (Lo H W, et al., Cancer Res.
2009 Sep. 1; 69(17):6790-8). This splice variant was not
expressed in normal cells that were studied; but was highly
expressed in cell lines, xenografts, and primary specimens of
glioblastoma multiforme, or GBM, cells. Up-regulation of
this specific splice variant was closely associated with
increased tumor cell migration and invasiveness of GBM
cells. This isoform of Glil was said to contain a gain-of-
function splice variance. This isoform is 155 kDa in molecu-
lar weight.

Further studies of the tGlil splice variant showed that this
protein was not detectable in normal breast tissues; but was
highly expressed in breast cancer cell lines and in breast
cancer tissues (Cao X, et al., Oncogene. 2011 Jun. 13. doi:
10.1038/0nc.2011.219. [Epub ahead of print]). The tGlil
isoform, but not the full length Glil protein, was found to
bind to the VEGF-A gene promoter, and lead to upregulation
of the VEGF-A gene. In addition to enhancing motility and
invasiveness in breast cancer cells, cells expressing tGlil
also acquired the property to facilitate anchorage-indepen-
dent cellular growth.

The post-translational N-truncated 130 kDa Glil isoform
has been described (Stecca B, et al., EMBO J. 2009 Mar. 18;
28(6):663-76). Although extensive studies were done to
assess the structural nature of this isoform and the regulation
of its phosphorylation status, no specific function was
assigned to this 130 kDa isoform. A preferential expression
of'this 130 kDa doublet was observed in the panel of studied
tumor cell lines (Stecca B, et al., EMBO J. 2009 Mar. 18;
28(6):663-76).

Data provided herein shows that the Glil binding site in
the c-jun promoter and in the c-fos promoter, bind to only
one Glil isoform in cisplatin-resistant A2780-CP70 cells.
This isoform is the N-terminal truncated 130 kDa protein
that runs as a protein doublet on denatured gels; a phospho-
rylated and an unphosphorylated doublet of the same pro-
tein. When the full length Glil cDNA is transfected into
these cells, the first protein that appears is this 130 kDa Glil
protein isoform. In studies of human ovarian cancer cell
lines described herein, this 130 kDa Glil doublet was
expressed in cell lines that originate from: serous histology,
clear cell histology, and endometrial histology. When com-
paring tumor tissues with non-cancer ovary tissues, ovarian
cancer tissues expressed the 130 kDa protein to levels that
are 6-fold higher than levels in non-cancer tissues.
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An interaction between Glil and c-jun has been described
previously (Laner-Plamberger S, et al., Oncogene. 2009 Apr.
2;28(13):1639-51; Lo H W, et al., Cancer Res. 2009 Sep. 1;
69(17):6790-8; and Cao X, et al., Oncogene. 2011 Jun. 13.
doi: 10.1038/0nc.2011.219. [Epub ahead of print]). In the
studies described herein, the interaction between Glil and
c-jun resulted in a specific pattern of phosphorylation of the
c-jun protein; Glil bound the Gli-binding-site of the pro-
moter of c-jun and of c-fos; and the same Glil isoform
bound both promoters. There was binding by both the
phosphorylated and unphosphorylated forms of the 130 kDa
doublet, with dominant binding of the unphosphorylated
form of the protein. Since Glil bound to c-jun and c-fos, this
suggests that the Glil nexus with c-jun, is actually a Glil
nexus with both proteins of the AP1 heterodimer. This
suggests a possible Glil effect on all downstream targets of
AP1, of c-jun, and of c-fos; which may include genes of
nucleotide excision repair and base excision repair.

Example 37

Pharmacologic Response to Cisplatin in Cells
Treated with Anti-Glil shRNA

Various pathways are known to be involved with the
influx, efflux and metabolism of platinum-based compounds
in a cell (See e.g., Hall et al., Annum. Rev. Pharmacol.
Toxicol. 48:495-535). Examples of platinum transporters
include genes associated with platinum influx, such as OCT
1, 0CT 2, OCT 3, CTR1 CTR 2; and genes associated with
platinum efflux, such as ATP7A, ATP7B, MATE1, MATE2,
MATE3, MDR2, and MDR3 (See e.g., Burger et al., Drug
Resistance Updates 14:22-34). Table 6 summarizes the
function of particular genes associated with platinum trans-
port across the cell membrane.

TABLE 6
Gene Platinum drugs
Gene Function location affected References
CTR1 Cu influx 9p32 Cis-Pt, Carbo- 1,9, 10
Pt, Oxali-Pt(=x)
CTR2 Cu influx 9p32 Cis-Pt, Carbo-Pt 6,9
ATP7A Cu Xg21.1 Cis-Pt, Carbo-Pt 12, 16, 17
sequestration
and efflux
ATP7B Cu 13q14.3 Cis-Pt, Carbo-Pt 12, 15, 16, 17
sequestration
and efflux
OCT1 OC, NT, X/D  6q25.3 Cis-Pt, Oxali-Pt 8,11, 14, 19
influx
OCT2 OC, NT, X/D  6q25.3 Cis-Pt, Oxali-Pt 7, 8,18, 19
influx
OCT3 OC, NT, X/D  6q25.3 Cis-Pt(+), 13, 19
influx Oxali-Pt(+)

OC: organic cations;

NT: monoamine neurotransmitters;
X/D: xenobiotics and various drugs;
(+)contradictory data.

Table 7 summarizes consensus binding sites for Glil,
AP-1, and c-jun present in the promoters of several genes
involved in the influx, efflux, or metabolism of platinum-
based compounds.
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TABLE 7
Gene  Glil AP-1 C-jun
CTR1 - 5- 5-
TTGCTGAGTCATGGA- AAACTGACATCAAACA-
3 (SEQ ID NO: 33) 3 (SEQ ID NO: 34)
CTR2 5- - 5-
AAATTGGGTGGTCAGAG- CAACTGAGGTAAAGAG-
3* (SEQ ID NO: 35) 3* (SEQ ID NO: 36)
ATP7A 5-GTATGAACACCCATATA- — 5-
3 (SEQ ID NO: 37) TTACTGACATCATTCA-
3 (SEQ ID NO: 38)
5-
TTTATGAGGTAATGTG-
3* (SEQ ID NO: 39)
ATP7B — 5- 5-
AATTTGAGTCAAATA-3 TAGCTGAGGTAATTCT-
(SEQ ID NO: 40) 3* (SEQ ID NO: 41)
OCT1 5- 5- —
CCCTTGGGTGGTCGATG- TAAATGACTCAAAGC-
3* (SEQ ID NO: 42) 3* (SEQ ID NO: 44)
5-ATGCTTGGTGGTCTTTT-
3* (SEQ ID NO: 43)
OCT2 5- 5- —
TTCCTGGCTGCTCGGGG- TAAGTGAGTCAAACC-
3* (SEQ ID NO: 45) 3 (SEQ ID NO: 46)
OCT3 5- 5- —
GCAAGTCCTCCCAAGGC-3 TAGTTGAGTCATTTA-3
(SEQ ID NO: 47) (SEQ ID NO: 49)
5- 5-
GGGGTGGGTGGTGGTTT- GATTTGACTCAGAAA -
3* (SEQ ID NO: 48) 3* (SEQ ID NO: 50)

*reverse compliment; Gene promoter regions found using Ensembl; Glil, AP-1 and c-jun

binding sites ref: 2, 3, 4, 5

Upon Glil ablation, platinum-DNA adduct repair is inhib-
ited, along with inhibition of ERCC1, XPD, XRCC1, and
c-jun. Further subcellular pharmacologic effects of cisplatin
in cells treated with anti-Glil shRNA were examined.
A2780-CP70 cisplatin-resistant human ovarian cancer cells
were plated on day 1. On day 2, cells were treated with
either: anti-Glil shRNA; scrambled shRNA; or fugene only,
at the concentrations used for transfection of the shRNA.
After 24 hrs of continuous treatment, cells were treated with
cisplatin at 30 uM for 1 hr (IC50 dose under these condi-
tions).

Platinum-DNA adduct levels were assessed at the same
time points that total cellular accumulation was measured,
namely, zero hours which corresponded to 1 hr after cispla-
tin treatment, and 12 hours after the end of cisplatin treat-
ment All platinum measurements were performed by atomic
absorption spectroscopy (AAS) with Zeeman background
correction. FIG. 94 summarizes the results where the hori-
zontal axis corresponds to the relative level of DNA damage,
and the vertical axis corresponds to the total cellular plati-
num.

At zero hours, measured levels of pt-DNA damage were
equivalent between the three conditions. At zero hours,
measured levels of total cellular platinum were reduced by
40-45% in anti-Glil treated cells; suggesting inhibition of
cellular uptake of cisplatin. At 6 hours, scrambled controls
showed reductions in total cellular platinum by ~40%,
demonstrating excretion of cisplatin. In contrast, cells
treated with anti-Glil shRNA showed no reductions in total
cellular platinum at 6 hrs, nor at 12 hrs; suggesting inhibition
of the processes by which cells may eliminate this drug.
Cells treated with anti-Glil shRNA showed statistically
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significant inhibition in platinum-DNA adduct repair, as
compared to cells treated with scrambled shRNA. Control
cells repaired 67.5% of pt-DNA adducts over 12 hours; as
compared to 23.7% repair in cells treated with anti-Glil
shRNA; p2=0.015. Therefore, Glill ablation in cisplatin-
resistant A2780-CP70 human ovarian cancer cells has at
least three effects on the subcellular pharmacology of cis-
platin, including inhibition of processes that determine:
cellular uptake of drug; cellular elimination of drug; and
platinum-DNA adduct repair.

Example 38

EMSA with Glil, AP-1, and c-Jun Proteins Binding
Various Promoters

An EMSA study is performed to confirm binding of Glil,
AP-1, or c-jun proteins at the predicted binding site for each
protein in the promoters of genes associated with cellular
platinum influx and efflux. DNA probes using sequences
from the promoters of CTR1, CTR2, ATP7A, ATP7B,
OCT1, OCT2, and OCT3 genes are prepared. The DNA
probes include the predicted binding site for the Glil, AP-1,
or c-jun proteins in each promoter.

An EMSA study is performed in which the probes includ-
ing the GLI1 binding sites in the CTR2, ATP7A, OCT1,
OCT2, and OCT3 genes are incubated with each of the
individual isoforms of the GLI1 protein under conditions
which facilitate binding of the protein to its recognition site.
The mixture is loaded on to a polyacrylamide gel and the
mobility of the probes incubated with GLI1 is compared to
the mobility of the probes which were not incubated with
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GLI1 protein. Alternatively, cell extracts containing the
GLI1 protein are incubated with the probes containing the
GLI1 binding sites and supermobility shift assays are per-
formed as described in Example 36.

An EMSA study is performed in which the probes includ-
ing the c-jun binding sites in the CTR1, CTR2, ATP7A, and
ATP7A genes are incubated with each of the individual
isoforms of the c-jun protein under conditions which facili-
tate binding of the protein to its recognition site. The mixture
is loaded on to a polyacrylamide gel and the mobility of the
probes incubated with c-jun is compared to the mobility of
the probes which were not incubated with c-jun protein.
Alternatively, cell extracts containing the c-jun protein are
incubated with the probes containing the c-jun binding sites
and supermobility shift assays are performed as described
Example 36.

An EMSA study is performed in which the probes includ-
ing the AP-1 binding sites in the CTR1, ATP7B, OCT1, OCT
2, and OCT3 genes are incubated with each of the individual
isoforms of the AP-1 protein under conditions which facili-
tate binding of the protein to its recognition site. The mixture
is loaded on to a polyacrylamide gel and the mobility of the
probes incubated with AP-1 is compared to the mobility of
the probes which were not incubated with AP-1 protein.
Alternatively, cell extracts containing the AP-1 protein are
incubated with the probes containing the AP-1 binding sites
and supermobility shift assays are performed as described
Example 36.

The EMSA studies confirm that predicted binding sites for
the Glil, AP-1, or c-jun proteins in the promoter regions of
the CTR1, CTR2, ATP7A, ATP7B, OCT1, OCT2, and OCT3
genes bind the Glil, AP-1, or c-jun proteins.

Each of the following references is incorporated by ref-
erence in its entirety.
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All references cited herein, including but not limited to
published and unpublished applications, patents, and litera-
ture references, are incorporated herein by reference in their
entirety and are hereby made a part of this specification. To
the extent publications and patents or patent applications
incorporated by reference contradict the disclosure con-
tained in the specification, the specification is intended to
supersede and/or take precedence over any such contradic-
tory material.

The term “comprising” as used herein is synonymous
with “including,” “containing,” or “characterized by,” and is
inclusive or open-ended and does not exclude additional,
unrecited elements or method steps.

All numbers expressing quantities of ingredients, reaction
conditions, and so forth used in the specification are to be
understood as being modified in all instances by the term
“about.” Accordingly, unless indicated to the contrary, the
numerical parameters set forth herein are approximations
that may vary depending upon the desired properties sought
to be obtained. At the very least, and not as an attempt to
limit the application of the doctrine of equivalents to the
scope of any claims in any application claiming priority to
the present application, each numerical parameter should be
construed in light of the number of significant digits and
ordinary rounding approaches.

The above description discloses several methods and
materials of the present invention. This invention is suscep-
tible to modifications in the methods and materials, as well
as alterations in the fabrication methods and equipment.
Such modifications will become apparent to those skilled in
the art from a consideration of this disclosure or practice of
the invention disclosed herein. Consequently, it is not
intended that this invention be limited to the specific
embodiments disclosed herein, but that it cover all modifi-
cations and alternatives coming within the true scope and
spirit of the invention.

SEQUENCE LISTING

<160> NUMBER OF SEQ ID NOS: 50
<210>
<211>
<212>
<213>
<220>
<223>

SEQ ID NO 1

LENGTH: 19

TYPE: DNA

ORGANISM: Artificial Sequence
FEATURE:

OTHER INFORMATION: Oligonucleotide

<400> SEQUENCE: 1

cctegtaget tteatcaac

<210> SEQ ID NO 2

19
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<211>
<212>
<213>
<220>
<223>

<400>

LENGTH: 19

TYPE: DNA

ORGANISM: Artificial Sequence
FEATURE:

OTHER INFORMATION: Oligonucleotide

SEQUENCE: 2

tcatcaacte gcgatgecac

<210>
<211>
<212>
<213>
<220>
<223>

<400>

SEQ ID NO 3

LENGTH: 19

TYPE: DNA

ORGANISM: Artificial Sequence
FEATURE:

OTHER INFORMATION: Oligonucleotide

SEQUENCE: 3

ccaaacgcta tacagatcc

<210>
<211>
<212>
<213>
<220>
<223>

<400>

SEQ ID NO 4

LENGTH: 19

TYPE: DNA

ORGANISM: Artificial Sequence
FEATURE:

OTHER INFORMATION: Oligonucleotide

SEQUENCE: 4

ccctegtage tttcatcaa

<210>
<211>
<212>
<213>
<220>
<223>

<400>

SEQ ID NO 5

LENGTH: 19

TYPE: DNA

ORGANISM: Artificial Sequence
FEATURE:

OTHER INFORMATION: Oligonucleotide

SEQUENCE: 5

cgtagettte atcaacteg

<210>
<211>
<212>
<213>
<220>
<223>

<400>

SEQ ID NO 6

LENGTH: 19

TYPE: DNA

ORGANISM: Artificial Sequence
FEATURE:

OTHER INFORMATION: Oligonucleotide

SEQUENCE: 6

gtagctttca tcaactcge

<210>
<211>
<212>
<213>
<220>
<223>

<400>

SEQ ID NO 7

LENGTH: 19

TYPE: DNA

ORGANISM: Artificial Sequence
FEATURE:

OTHER INFORMATION: Oligonucleotide

SEQUENCE: 7

tagctttcat caactegeg

<210>
<211>
<212>
<213>
<220>
<223>

<400>

SEQ ID NO 8

LENGTH: 19

TYPE: DNA

ORGANISM: Artificial Sequence
FEATURE:

OTHER INFORMATION: Oligonucleotide

SEQUENCE: 8

19

19

19

19

19

19
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-continued
ttcatcaact cgcgatgca 19
<210> SEQ ID NO 9
<211> LENGTH: 19
<212> TYPE: DNA
<213> ORGANISM: Artificial Sequence
<220> FEATURE:
<223> OTHER INFORMATION: Oligonucleotide
<400> SEQUENCE: 9
catcaactcg cgatgcaca 19
<210> SEQ ID NO 10
<211> LENGTH: 19
<212> TYPE: DNA
<213> ORGANISM: Artificial Sequence
<220> FEATURE:
<223> OTHER INFORMATION: Oligonucleotide
<400> SEQUENCE: 10
atcaactcgce gatgcacat 19
<210> SEQ ID NO 11
<211> LENGTH: 3618
<212> TYPE: DNA
<213> ORGANISM: Homo Sapiens
<220> FEATURE:
<221> NAME/KEY: gene
<222> LOCATION: (1)...(3618)
<223> OTHER INFORMATION: GLI1 gene
<400> SEQUENCE: 11
cccagactee agcectggac cgcgcatcece gageccageg cccagacaga gtgtccccac 60
accctectet gagacgecat gttcaactceg atgaccccac caccaatcag tagctatgge 120
gagccectget gteteecggee cctecccagt cagggggecce ccagtgtggg gacagaagga 180
ctgtetggee cgcecttetyg ccaccaaget aacctcatgt ceggeccceca cagttatggg 240
ccagecagag agaccaacag ctgcaccgag ggeccactet tttettetece ccggagtgea 300
gtcaagttga ccaagaagcg ggcactgtcce atctcaccte tgtcggatgce cagectggac 360
ctgcagacgg ttatccgcac ctcacccage teectegtag ctttcatcaa ctcegegatge 420
acatctccag gaggctecta cggtcatcte tecattggea ccatgagecce atctetggga 480
ttcccagece agatgaatca ccaaaaaggg cectegectt cetttggggt ccagecttgt 540
ggteccccatyg actctgcceg gggtgggatg atcccacatce ctcagteceg gggaccctte 600
ccaacttgcee agctgaagtc tgagctggac atgetggttyg gcaagtgecyg ggaggaacce 660
ttggaaggtyg atatgtccag ccccaactce acaggcatac aggatccect gttggggatg 720
ctggatggge gggaggacct cgagagagag gagaagcgtyg agcectgaatce tgtgtatgaa 780
actgactgce gttgggatgg ctgcagecag gaatttgact cccaagagca gctggtgcac 840
cacatcaaca gcgagcacat ccacggggag cggaaggagt tcegtgtgeca ctggggggge 900
tgctecaggg agctgaggcce cttcaaagece cagtacatge tggtggttca catgegcaga 960
cacactggeg agaagccaca caagtgcacg tttgaagggt gccggaagtce atactcacge 1020
ctcgaaaace tgaagacgca cctgcggtca cacacgggtyg agaagccata catgtgtgag 1080
cacgagggct gcagtaaagc cttcagcaat gecagtgacce gagccaagca ccagaatcgg 1140
acccattcca atgagaagcc gtatgtatgt aagctcectg gectgcaccaa acgctataca 1200
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-continued
gatcctaget cgctgcgaaa acatgtcaag acagtgcatg gtcctgacgce ccatgtgacce 1260
aaacggcacc gtggggatgg ccccctgect cgggcaccat ccatttctac agtggagecce 1320
aagagggagc gggaaggagg tcccatcagg gaggaaagca gactgactgt gccagagggt 1380
gccatgaage cacagccaag ccctggggcece cagtcatcct geagcagtga ccactcccecg 1440
gcagggagtyg cagccaatac agacagtggt gtggaaatga ctggcaatgc agggggcagce 1500
actgaagacc tctccagett ggacgaggga ccttgcattg ctggcactgg tcectgtcecact 1560
cttecgecegece ttgagaacct caggctggac cagctacatc aactccggece aatagggacce 1620
cggggtcetca aactgcccag cttgtceccac accggtacca ctgtgtcceceg cegegtgggce 1680
cceccagtet ctettgaacyg ccgcagcage agctccagca gcatcagcte tgectatact 1740
gtcagccgece gcectecteccct ggectcectect ttecccececctyg getceccccace agagaatgga 1800
gcatccteee tgectggect tatgectgece cagcactacce tgcttcegggce aagatatget 1860
tcagccagag ggggtggtac ttcecgcccact gcagcatcca gectggatcecg gataggtggt 1920
cttcccatge ctecttggag aagccgagce gagtatccag gatacaaccce caatgcaggg 1980
gtcaccegga gggecagtga cccageccag getgetgace gtectgetece agetagagte 2040
cagaggttca agagcctggg ctgtgtecat accccaccca ctgtggcagyg gggaggacag 2100
aactttgatc cttacctcecc aacctcectgte tactcaccac agccccccag catcactgag 2160
aatgctgcca tggatgctag agggctacag gaagagccag aagttgggac ctccatggtg 2220
ggcagtggtc tgaaccccta tatggacttc ccacctactg atactctggg atatggggga 2280
cctgaagggg cagcagctga gecttatgga gcgaggggtce caggctctet gectettggg 2340
cctggtecac ccaccaacta tggccccaac ccectgtecce agcaggccte atatcctgac 2400
cccacccaag aaacatgggg tgagttceccct tceccactetg ggctgtacce aggccccaag 2460
gctectaggtyg gaacctacag ccagtgtecct cgacttgaac attatggaca agtgcaagtce 2520
aagccagaac aggggtgccce agtggggtcet gactccacag gactggcacce ctgcectcaat 2580
gcccacceca gtgaggggcee cccacatcca cagcectctet ttteccatta ccecccagecce 2640
tctectecece aatatcteca gtcaggecce tatacccage caccccectga ttatcttect 2700
tcagaaccca ggccttgect ggactttgat tccecccacce attccacagg gcagctcaag 2760
gctcagcettyg tgtgtaatta tgttcaatct caacaggagce tactgtggga gggtgggggce 2820
agggaagatg ccccecgceca ggaaccttcee taccagagtce ccaagtttet ggggggttcece 2880
caggttagcce caagccgtgce taaagctcca gtgaacacat atggacctgg ctttggaccce 2940
aacttgccca atcacaagtc aggttcectat cccaccectt caccatgcca tgaaaatttt 3000
gtagtggggg caaatagggc ttcacatagg gcagcagcac cacctcgact tctgcccecca 3060
ttgcccactt gectatgggece tcectcaaagtg ggaggcacaa accccagctg tggtcatcect 3120
gaggtgggca ggctaggagg gggtcctgece ttgtacccte ctecccgaagg acaggtatgt 3180
aacccecetgg actctcecttga tettgacaac actcagetgg actttgtgge tattctggat 3240
gagcecccagg ggctgagtcee tcectecttece catgatcage ggggcagcetce tggacatacce 3300
ccacctecect ctgggccecece caacatggct gtgggcaaca tgagtgtctt actgagatcce 3360
ctacctgggg aaacagaatt cctcaactct agtgcctaaa gagtagggaa tctcatccat 3420
cacagatcgce atttcctaag gggtttctat ccttccagaa aaattggggg agctgcagtce 3480
ccatgcacaa gatgccccag ggatgggagg tatgggcectgg gggctatgta tagtctgtat 3540
acgttttgag gagaaatttg ataatgacac tgtttcctga taataaagga actgcatcag 3600
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aaaaaaaaaa aaaaaaaa 3618

<210> SEQ ID NO 12

<211> LENGTH: 17

<212> TYPE: DNA

<213> ORGANISM: Homo Sapiens

<220> FEATURE:

<221> NAME/KEY: misc_binding

<222> LOCATION: (1)...(17)

<223> OTHER INFORMATION: GLI1l-binding site

<400> SEQUENCE: 12

tgctgaatgce ccatcce 17

<210> SEQ ID NO 13

<211> LENGTH: 28

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Oligonucleotide

<400> SEQUENCE: 13

ctcagcggcece gctaataaat gaaaaagce 28

<210> SEQ ID NO 14

<211> LENGTH: 28

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Oligonucleotide

<400> SEQUENCE: 14

gttagcggcee gctgagagtt ccaggaag 28

<210> SEQ ID NO 15

<211> LENGTH: 20

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Oligonucleotide

<400> SEQUENCE: 15

gtttttcecet actttectcece 20

<210> SEQ ID NO 16

<211> LENGTH: 18

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Oligonucleotide

<400> SEQUENCE: 16

ccaaaaacgc acacacac 18
<210> SEQ ID NO 17

<211> LENGTH: 20

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Oligonucleotide

<400> SEQUENCE: 17

ttccecectac caaatgttcea 20

<210> SEQ ID NO 18
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-continued

<211> LENGTH: 22

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Oligonucleotide

<400> SEQUENCE: 18

tgctgcaaaa gtaattgtgg tt 22
<210> SEQ ID NO 19

<211> LENGTH: 1106

<212> TYPE: PRT

<213> ORGANISM: Homo Sapiens

<400> SEQUENCE: 19

Met Phe Asn Ser Met Thr Pro Pro Pro Ile Ser Ser Tyr Gly Glu Pro
1 5 10 15

Cys Cys Leu Arg Pro Leu Pro Ser Gln Gly Ala Pro Ser Val Gly Thr
20 25 30

Glu Gly Leu Ser Gly Pro Pro Phe Cys His Gln Ala Asn Leu Met Ser
35 40 45

Gly Pro His Ser Tyr Gly Pro Ala Arg Glu Thr Asn Ser Cys Thr Glu
50 55 60

Gly Pro Leu Phe Ser Ser Pro Arg Ser Ala Val Lys Leu Thr Lys Lys
65 70 75 80

Arg Ala Leu Ser Ile Ser Pro Leu Ser Asp Ala Ser Leu Asp Leu Gln
85 90 95

Thr Val Ile Arg Thr Ser Pro Ser Ser Leu Val Ala Phe Ile Asn Ser
100 105 110

Arg Cys Thr Ser Pro Gly Gly Ser Tyr Gly His Leu Ser Ile Gly Thr
115 120 125

Met Ser Pro Ser Leu Gly Phe Pro Ala Gln Met Asn His Gln Lys Gly
130 135 140

Pro Ser Pro Ser Phe Gly Val Gln Pro Cys Gly Pro His Asp Ser Ala
145 150 155 160

Arg Gly Gly Met Ile Pro His Pro Gln Ser Arg Gly Pro Phe Pro Thr
165 170 175

Cys Gln Leu Lys Ser Glu Leu Asp Met Leu Val Gly Lys Cys Arg Glu
180 185 190

Glu Pro Leu Glu Gly Asp Met Ser Ser Pro Asn Ser Thr Gly Ile Gln
195 200 205

Asp Pro Leu Leu Gly Met Leu Asp Gly Arg Glu Asp Leu Glu Arg Glu
210 215 220

Glu Lys Arg Glu Pro Glu Ser Val Tyr Glu Thr Asp Cys Arg Trp Asp
225 230 235 240

Gly Cys Ser Gln Glu Phe Asp Ser Gln Glu Gln Leu Val His His Ile
245 250 255

Asn Ser Glu His Ile His Gly Glu Arg Lys Glu Phe Val Cys His Trp
260 265 270

Gly Gly Cys Ser Arg Glu Leu Arg Pro Phe Lys Ala Gln Tyr Met Leu
275 280 285

Val Val His Met Arg Arg His Thr Gly Glu Lys Pro His Lys Cys Thr
290 295 300

Phe Glu Gly Cys Arg Lys Ser Tyr Ser Arg Leu Glu Asn Leu Lys Thr
305 310 315 320

His Leu Arg Ser His Thr Gly Glu Lys Pro Tyr Met Cys Glu His Glu
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125

-continued

126

Gly

Asn

Cys

Thr

385

Gly

Glu

Glu

Ser

465

Leu

Arg

Gly

Ser

545

Leu

Ser

Tyr

Leu

Glu

625

Asp

Phe

Gly

Pro

Glu
705

Tyr

Gly

Cys

Arg

Thr

370

Val

Pro

Arg

Gly

Ser

450

Glu

Asp

Leu

Thr

Ser

530

Ser

Ala

Leu

Ala

Asp

610

Tyr

Pro

Lys

Gln

Pro
690
Glu

Met

Ala

Ser

Thr

355

Lys

His

Leu

Glu

Ala

435

Asp

Met

Glu

Glu

Arg

515

Arg

Ser

Ser

Pro

Ser

595

Arg

Pro

Ala

Ser

Asn

675

Ser

Pro

Asp

Ala

Lys

340

His

Arg

Gly

Pro

Gly

420

Met

His

Thr

Gly

Asn

500

Gly

Arg

Ser

Pro

Gly

580

Ala

Ile

Gly

Gln

Leu

660

Phe

Ile

Glu

Phe

Ala
740

325

Ala

Ser

Tyr

Pro

Arg

405

Gly

Lys

Ser

Gly

Pro

485

Leu

Leu

Val

Ile

Phe

565

Leu

Arg

Gly

Tyr

Ala

645

Gly

Asp

Thr

Val

Pro
725

Glu

Phe

Asn

Thr

Asp

390

Ala

Pro

Pro

Pro

Asn

470

Cys

Arg

Lys

Gly

Ser

550

Pro

Met

Gly

Gly

Asn

630

Ala

Cys

Pro

Glu

Gly
710

Pro

Pro

330 335

Ser Asn Ala Ser Asp Arg Ala Lys His
345 350

Glu Lys Pro Tyr Val Cys Lys Leu Pro
360 365

Asp Pro Ser Ser Leu Arg Lys His Val
375 380

Ala His Val Thr Lys Arg His Arg Gly
395

Pro Ser Ile Ser Thr Val Glu Pro Lys
410 415

Ile Arg Glu Glu Ser Arg Leu Thr Val
425 430

Gln Pro Ser Pro Gly Ala Gln Ser Ser
440 445

Ala Gly Ser Ala Ala Asn Thr Asp Ser
455 460

Ala Gly Gly Ser Thr Glu Asp Leu Ser
475

Ile Ala Gly Thr Gly Leu Ser Thr Leu
490 495

Leu Asp Gln Leu His Gln Leu Arg Pro
505 510

Leu Pro Ser Leu Ser His Thr Gly Thr
520 525

Pro Pro Val Ser Leu Glu Arg Arg Ser
535 540

Ser Ala Tyr Thr Val Ser Arg Arg Ser
555

Pro Gly Ser Pro Pro Glu Asn Gly Ala
570 575

Pro Ala Gln His Tyr Leu Leu Arg Ala
585 590

Gly Gly Thr Ser Pro Thr Ala Ala Ser
600 605

Leu Pro Met Pro Pro Trp Arg Ser Arg
615 620

Pro Asn Ala Gly Val Thr Arg Arg Ala
635

Asp Arg Pro Ala Pro Ala Arg Val Gln
650 655

Val His Thr Pro Pro Thr Val Ala Gly
665 670

Tyr Leu Pro Thr Ser Val Tyr Ser Pro
680 685

Asn Ala Ala Met Asp Ala Arg Gly Leu
695 700

Thr Ser Met Val Gly Ser Gly Leu Asn
715

Thr Asp Thr Leu Gly Tyr Gly Gly Pro
730 735

Tyr Gly Ala Arg Gly Pro Gly Ser Leu
745 750

Gln

Gly

Lys

Asp

400

Arg

Pro

Cys

Gly

Ser

480

Arg

Ile

Thr

Ser

Ser

560

Ser

Arg

Ser

Ala

Ser

640

Arg

Gly

Gln

Gln

Pro
720

Glu

Pro
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128

Leu

Gln

Ser

785

Ser

Glu

Leu

Ser

Tyr

865

Leu

Leu

Gly

Lys

945

Ser

Gly

Pro

Pro

Leu

1025

Asp

Gln

His

Gly Pro
755

Ala Ser
770

His Ser

Gln Cys

Gln Gly

Asn Ala
835

His Tyr
850

Thr Gln

Asp Phe

Val Cys

Gly Arg

915

Phe Leu
930

Asn Thr

Gly Ser

Ala Asn

Pro Leu

995
Ser Cys
1010
Tyr Pro

Leu Asp

Gly Leu

Gly

Tyr

Gly

Pro

Cys

820

His

Pro

Pro

Asp

Asn

900

Glu

Gly

Tyr

Tyr

Arg

980

Pro

Gly

Pro

Asn

Ser

1060

Pro Pro

Pro Asp

Leu Tyr
790

Arg Leu
805

Pro Val

Pro Ser

Gln Pro

Pro Pro

870

Ser Pro
885

Tyr Val
Asp Ala
Gly Ser
Gly Pro

950

Pro Thr

965

Ala Ser

Thr Cys

His Pro

Pro Glu

Thr Asn Tyr
760

Pro Thr Gln
775

Pro Gly Pro

Glu His Tyr

Gly Ser Asp

825

Glu Gly Pro
840

Ser Pro Pro
855

Asp Tyr Leu

Thr His Ser

Gln Ser Gln

905

Pro Ala Gln
920

Gln Val Ser
935

Gly Phe Gly

Pro Ser Pro

His Arg Ala

985

Tyr Gly Pro
1000

Glu Val Gly
1015

Gly Gln Val

1030

Thr Gln
1045

Pro Pro

Thr Pro Pro Pro Ser

1075

Ser Val Leu Leu Arg Ser

Ser

1105

1090

Ala

<210> SEQ ID NO 20

<211> LENGTH:

<212> TYPE:
<213> ORGANISM: Homo Sapiens

PRT

<400> SEQUENCE:

978

20

Leu Asp Phe

Pro Ser His Asp Gln Arg
1065

Gly Pro Pro Asn Met Ala

1080

Gly

Glu

Lys

Gly

810

Ser

Pro

Gln

Pro

Thr

890

Gln

Glu

Pro

Pro

Cys

970

Ala

Leu

Arg

Cys

Pro

Thr

Ala

795

Gln

Thr

His

Tyr

Ser

875

Gly

Glu

Pro

Ser

Asn

955

His

Ala

Lys

Leu

Asn

1035

Asn Pro Cys
765

Trp Gly Glu
780

Leu Gly Gly

Val Gln Val

Gly Leu Ala

830

Pro Gln Pro
845

Leu Gln Ser
860

Glu Pro Arg

Gln Leu Lys

Leu Leu Trp

910

Ser Tyr Gln
925

Arg Ala Lys
940

Leu Pro Asn

Glu Asn Phe

Pro Pro Arg

990

Val Gly Gly
1005

Gly Gly Gly
1020

Pro Leu Asp

Val Ala Ile Leu Asp

1050

1085

Pro

Phe

Thr

Lys

815

Pro

Leu

Gly

Pro

Ala

895

Glu

Ser

Ala

His

Val

975

Leu

Thr

Pro

Ser

Glu

1055

Gln

Pro

Tyr

800

Pro

Cys

Phe

Pro

Cys

880

Gln

Gly

Pro

Pro

Lys

960

Val

Leu

Asn

Ala

Leu

1040

Pro

Gly Ser Ser Gly
1070

Val Gly Asn Met

Leu Pro Gly Glu Thr Glu Phe Leu Asn Ser

1095

1100

Met Ser Pro Ser Leu Gly Phe Pro Ala Gln Met Asn His Gln Lys Gly
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-continued

130

Pro

Arg

Cys

Glu

65

Asp

Glu

Gly

Asn

Gly

145

Phe

Gly

Asn

225

Cys

Thr

Gly

Glu

Glu

305

Ser

Leu

Arg

Gly

385

Ser

Ser

Gly

Gln

50

Pro

Pro

Lys

Cys

Ser

130

Gly

Val

Glu

Leu

Cys

210

Arg

Thr

Val

Pro

Arg

290

Gly

Ser

Glu

Asp

Leu
370
Thr

Ser

Ser

Pro

Gly

35

Leu

Leu

Leu

Arg

Ser

115

Glu

Cys

His

Gly

Arg

195

Ser

Thr

Lys

His

Leu

275

Glu

Ala

Asp

Met

Glu

355

Glu

Arg

Arg

Ser

Ser

20

Met

Lys

Glu

Leu

Glu

100

Gln

His

Ser

Met

Cys

180

Ser

Lys

His

Arg

Gly

260

Pro

Gly

Met

His

Thr

340

Gly

Asn

Gly

Arg

Ser
420

Phe

Ile

Ser

Gly

Gly

85

Pro

Glu

Ile

Arg

Arg

165

Arg

His

Ala

Ser

Tyr

245

Pro

Arg

Gly

Lys

Ser

325

Gly

Pro

Leu

Leu

Val
405

Ile

Gly

Pro

Glu

Asp

Met

Glu

Phe

His

Glu

150

Arg

Lys

Thr

Phe

Asn

230

Thr

Asp

Ala

Pro

Pro

310

Pro

Asn

Cys

Arg

Lys

390

Gly

Ser

10 15

Val Gln Pro Cys Gly Pro His Asp Ser
25 30

His Pro Gln Ser Arg Gly Pro Phe Pro
40 45

Leu Asp Met Leu Val Gly Lys Cys Arg
55 60

Met Ser Ser Pro Asn Ser Thr Gly Ile
75

Leu Asp Gly Arg Glu Asp Leu Glu Arg
90 95

Ser Val Tyr Glu Thr Asp Cys Arg Trp
105 110

Asp Ser Gln Glu Gln Leu Val His His
120 125

Gly Glu Arg Lys Glu Phe Val Cys His
135 140

Leu Arg Pro Phe Lys Ala Gln Tyr Met
155

His Thr Gly Glu Lys Pro His Lys Cys
170 175

Ser Tyr Ser Arg Leu Glu Asn Leu Lys
185 190

Gly Glu Lys Pro Tyr Met Cys Glu His
200 205

Ser Asn Ala Ser Asp Arg Ala Lys His
215 220

Glu Lys Pro Tyr Val Cys Lys Leu Pro
235

Asp Pro Ser Ser Leu Arg Lys His Val
250 255

Ala His Val Thr Lys Arg His Arg Gly
265 270

Pro Ser Ile Ser Thr Val Glu Pro Lys
280 285

Ile Arg Glu Glu Ser Arg Leu Thr Val
295 300

Gln Pro Ser Pro Gly Ala Gln Ser Ser
315

Ala Gly Ser Ala Ala Asn Thr Asp Ser
330 335

Ala Gly Gly Ser Thr Glu Asp Leu Ser
345 350

Ile Ala Gly Thr Gly Leu Ser Thr Leu
360 365

Leu Asp Gln Leu His Gln Leu Arg Pro
375 380

Leu Pro Ser Leu Ser His Thr Gly Thr
395

Pro Pro Val Ser Leu Glu Arg Arg Ser
410 415

Ser Ala Tyr Thr Val Ser Arg Arg Ser
425 430

Ala

Thr

Glu

Gln

80

Glu

Asp

Ile

Trp

Leu

160

Thr

Thr

Glu

Gln

Gly

240

Lys

Asp

Arg

Pro

Cys

320

Gly

Ser

Arg

Ile

Thr
400

Ser

Ser
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-continued

132

Leu

Ser

Tyr

465

Leu

Glu

Asp

Phe

Gly

545

Pro

Glu

Tyr

Gly

Leu

625

Gln

Ser

Ser

Glu

Leu

705

Ser

Tyr

Leu

Leu
Gly
785

Lys

Ser

Ala

Leu

450

Ala

Asp

Tyr

Pro

Lys

530

Gln

Pro

Glu

Met

Ala

610

Gly

Ala

His

Gln

Gln

690

Asn

His

Thr

Asp

Val

770

Gly

Phe

Asn

Gly

Ser

435

Pro

Ser

Arg

Pro

Ala

515

Ser

Asn

Ser

Pro

Asp

595

Ala

Pro

Ser

Ser

Cys

675

Gly

Ala

Tyr

Gln

Phe

755

Cys

Arg

Leu

Thr

Ser
835

Pro

Gly

Ala

Ile

Gly

500

Gln

Leu

Phe

Ile

Glu

580

Phe

Ala

Gly

Tyr

Gly

660

Pro

Cys

His

Pro

Pro

740

Asp

Asn

Glu

Gly

Tyr

820

Tyr

Phe

Leu

Arg

Gly

485

Tyr

Ala

Gly

Asp

Thr

565

Val

Pro

Glu

Pro

Pro

645

Leu

Arg

Pro

Pro

Gln

725

Pro

Ser

Tyr

Asp

Gly

805

Gly

Pro

Pro

Met

Gly

470

Gly

Asn

Ala

Cys

Pro

550

Glu

Gly

Pro

Pro

Pro

630

Asp

Tyr

Leu

Val

Ser

710

Pro

Pro

Pro

Val

Ala
790
Ser

Pro

Thr

Pro Gly Ser Pro Pro Glu Asn Gly Ala
440 445

Pro Ala Gln His Tyr Leu Leu Arg Ala
455 460

Gly Gly Thr Ser Pro Thr Ala Ala Ser
475

Leu Pro Met Pro Pro Trp Arg Ser Arg
490 495

Pro Asn Ala Gly Val Thr Arg Arg Ala
505 510

Asp Arg Pro Ala Pro Ala Arg Val Gln
520 525

Val His Thr Pro Pro Thr Val Ala Gly
535 540

Tyr Leu Pro Thr Ser Val Tyr Ser Pro
555

Asn Ala Ala Met Asp Ala Arg Gly Leu
570 575

Thr Ser Met Val Gly Ser Gly Leu Asn
585 590

Thr Asp Thr Leu Gly Tyr Gly Gly Pro
600 605

Tyr Gly Ala Arg Gly Pro Gly Ser Leu
615 620

Thr Asn Tyr Gly Pro Asn Pro Cys Pro
635

Pro Thr Gln Glu Thr Trp Gly Glu Phe
650 655

Pro Gly Pro Lys Ala Leu Gly Gly Thr
665 670

Glu His Tyr Gly Gln Val Gln Val Lys
680 685

Gly Ser Asp Ser Thr Gly Leu Ala Pro
695 700

Glu Gly Pro Pro His Pro Gln Pro Leu
715

Ser Pro Pro Gln Tyr Leu Gln Ser Gly
730 735

Asp Tyr Leu Pro Ser Glu Pro Arg Pro
745 750

Thr His Ser Thr Gly Gln Leu Lys Ala
760 765

Gln Ser Gln Gln Glu Leu Leu Trp Glu
775 780

Pro Ala Gln Glu Pro Ser Tyr Gln Ser
795

Gln Val Ser Pro Ser Arg Ala Lys Ala
810 815

Gly Phe Gly Pro Asn Leu Pro Asn His
825 830

Pro Ser Pro Cys His Glu Asn Phe Val
840 845

Ser

Arg

Ser

480

Ala

Ser

Arg

Gly

Gln

560

Gln

Pro

Glu

Pro

Gln

640

Pro

Tyr

Pro

Cys

Phe

720

Pro

Cys

Gln

Gly

Pro
800
Pro

Lys

Val
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134

Gly

Pro

865

Pro

Leu

Asp

Gln

His

945

Ser

Ser

Ala Asn Arg Ala Ser His Arg
850 855

Pro Leu Pro Thr Cys Tyr Gly
870

Ser Cys Gly His Pro Glu Val
885

Tyr Pro Pro Pro Glu Gly Gln
900

Leu Asp Asn Thr Gln Leu Asp
915 920

Gly Leu Ser Pro Pro Pro Ser
930 935

Thr Pro Pro Pro Ser Gly Pro
950

Val Leu Leu Arg Ser Leu Pro
965

Ala

<210> SEQ ID NO 21

<211> LENGTH: 1065

<212> TYPE: PRT

<213> ORGANISM: Homo Sapiens

<400> SEQUENCE: 21

Met

1

Cys

Glu

Asp

Leu

65

Gly

Gln

Cys

Ser

Leu

145

Pro

Arg

Glu

Glu

Lys
225

Phe Asn Ser Met Thr Pro Pro
Cys Leu Arg Pro Leu Pro Ser
20

Val Lys Leu Thr Lys Lys Arg
35 40

Ala Ser Leu Asp Leu Gln Thr
50 55

Val Ala Phe Ile Asn Ser Arg
70

His Leu Ser Ile Gly Thr Met
85

Met Asn His Gln Lys Gly Pro
100

Gly Pro His Asp Ser Ala Arg
115 120

Arg Gly Pro Phe Pro Thr Cys
130 135

Val Gly Lys Cys Arg Glu Glu
150

Asn Ser Thr Gly Ile Gln Asp
165

Glu Asp Leu Glu Arg Glu Glu
180

Thr Asp Cys Arg Trp Asp Gly
195 200

Gln Leu Val His His Ile Asn
210 215

Glu Phe Val Cys His Trp Gly
230

Ala

Pro

Gly

Val

905

Phe

His

Pro

Gly

Pro

Gln

25

Ala

Val

Cys

Ser

Ser

105

Gly

Gln

Pro

Pro

Lys

185

Cys

Ser

Gly

Ala

Leu

Arg

890

Cys

Val

Asp

Asn

Glu
970

Ile

Gly

Leu

Ile

Thr

Pro

90

Pro

Gly

Leu

Leu

Leu

170

Arg

Ser

Glu

Cys

Ala

Lys

875

Leu

Asn

Ala

Gln

Met

955

Thr

Ser

Ala

Ser

Arg

Ser

75

Ser

Ser

Met

Lys

Glu

155

Leu

Glu

Gln

His

Ser
235

Pro

860

Val

Gly

Pro

Ile

Arg

940

Ala

Glu

Ser

Pro

Ile

Thr

60

Pro

Leu

Phe

Ile

Ser

140

Gly

Gly

Pro

Glu

Ile
220

Arg

Pro

Gly

Gly

Leu

Leu

925

Gly

Val

Phe

Tyr

Ser

Ser

45

Ser

Gly

Gly

Gly

Pro

125

Glu

Asp

Met

Glu

Phe
205

His

Glu

Arg

Gly

Gly

Asp

910

Asp

Ser

Gly

Leu

Gly

Val

30

Pro

Pro

Gly

Phe

Val

110

His

Leu

Met

Leu

Ser

190

Asp

Gly

Leu

Leu

Thr

Pro

895

Ser

Glu

Ser

Asn

Asn
975

Glu

15

Gly

Leu

Ser

Ser

Pro

95

Gln

Pro

Asp

Ser

Asp

175

Val

Ser

Glu

Arg

Leu

Asn

880

Ala

Leu

Pro

Gly

Met

960

Ser

Pro

Thr

Ser

Ser

Tyr

80

Ala

Pro

Gln

Met

Ser

160

Gly

Tyr

Gln

Arg

Pro
240
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Phe

Glu

Arg

Pro

Ser

305

Tyr

Ser

Thr

Ser

Glu

385

Pro

Ala

Ser

Thr

Leu

465

Leu

Ser

Thr

Pro

His

545

Ser

Pro

Gly

Ala

Pro
625

Thr

Met

Lys

Lys

Leu

Tyr

290

Asp

Val

Leu

Lys

Thr

370

Ser

Gly

Ala

Thr

Gly

450

His

Ser

Leu

Val

Pro

530

Tyr

Pro

Pro

Val

Pro
610
Pro

Ser

Asp

Ala

Pro

Glu

275

Met

Arg

Cys

Arg

Arg

355

Val

Arg

Ala

Asn

Glu

435

Leu

Gln

His

Glu

Ser

515

Glu

Leu

Thr

Trp

Thr

595

Ala

Thr

Val

Ala

Gln

His

260

Asn

Cys

Ala

Lys

Lys

340

His

Glu

Leu

Gln

Thr

420

Asp

Ser

Leu

Thr

Arg

500

Arg

Asn

Leu

Ala

Arg

580

Arg

Arg

Val

Tyr

Arg

Tyr

245

Lys

Leu

Glu

Lys

Leu

325

His

Arg

Pro

Thr

Ser

405

Asp

Leu

Thr

Arg

Gly

485

Arg

Arg

Gly

Arg

Ala

565

Ser

Arg

Val

Ala

Ser

645

Gly

Met

Cys

Lys

His

His

310

Pro

Val

Gly

Lys

Val

390

Ser

Ser

Ser

Leu

Pro

470

Thr

Ser

Ser

Ala

Ala

550

Ser

Arg

Ala

Gln

Gly
630

Pro

Leu

Leu

Thr

Thr

Glu

295

Gln

Gly

Lys

Asp

Arg

375

Pro

Cys

Gly

Ser

Arg

455

Ile

Thr

Ser

Ser

Ser

535

Arg

Ser

Ala

Ser

Arg
615
Gly

Gln

Gln

Val

Phe

His

280

Gly

Asn

Cys

Thr

Gly

360

Glu

Glu

Ser

Val

Leu

440

Arg

Gly

Val

Ser

Leu

520

Ser

Tyr

Leu

Glu

Asp

600

Phe

Gly

Pro

Glu

Val

Glu

265

Leu

Cys

Arg

Thr

Val

345

Pro

Arg

Gly

Ser

Glu

425

Asp

Leu

Thr

Ser

Ser

505

Ala

Leu

Ala

Asp

Tyr

585

Pro

Lys

Gln

Pro

Glu

His

250

Gly

Arg

Ser

Thr

Lys

330

His

Leu

Glu

Ala

Asp

410

Met

Glu

Glu

Arg

Arg

490

Ser

Ser

Pro

Ser

Arg

570

Pro

Ala

Ser

Asn

Ser
650

Pro

Met

Cys

Ser

Lys

His

315

Arg

Gly

Pro

Gly

Met

395

His

Thr

Gly

Asn

Gly

475

Arg

Ser

Pro

Gly

Ala

555

Ile

Gly

Gln

Leu

Phe
635

Ile

Glu

Arg Arg His

Arg

His

Ala

300

Ser

Tyr

Pro

Arg

Gly

380

Lys

Ser

Gly

Pro

Leu

460

Leu

Val

Ile

Phe

Leu

540

Arg

Gly

Tyr

Ala

Gly
620
Asp

Thr

Val

Lys

Thr

285

Phe

Asn

Thr

Asp

Ala

365

Pro

Pro

Pro

Asn

Cys

445

Arg

Lys

Gly

Ser

Pro

525

Met

Gly

Gly

Asn

Ala

605

Cys

Pro

Glu

Gly

Ser

270

Gly

Ser

Glu

Asp

Ala

350

Pro

Ile

Gln

Ala

Ala

430

Ile

Leu

Leu

Pro

Ser

510

Pro

Pro

Gly

Leu

Pro

590

Asp

Val

Tyr

Asn

Thr

Thr

255

Tyr

Glu

Asn

Lys

Pro

335

His

Ser

Arg

Pro

Gly

415

Gly

Ala

Asp

Pro

Pro

495

Ala

Gly

Ala

Gly

Pro

575

Asn

Arg

His

Leu

Ala
655

Ser

Gly

Ser

Lys

Ala

Pro

320

Ser

Val

Ile

Glu

Ser

400

Ser

Gly

Gly

Gln

Ser

480

Val

Tyr

Ser

Gln

Thr

560

Met

Ala

Pro

Thr

Pro
640

Ala

Met
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Val Gly Ser
675

Leu Gly Tyr
690

Arg Gly Pro
705

Gly Pro Asn

Glu Thr Trp

Lys Ala Leu

755

Gly Gln Val
770

Ser Thr Gly
785

Pro His Pro

Gln Tyr Leu

Pro Ser Glu
835

Thr Gly Gln
850

Gln Glu Leu
865

Glu Pro Ser

Pro Ser Arg

Pro Asn Leu
915

Cys His Glu
930

Ala Ala Pro
945

Leu Lys Val

Arg Leu Gly

Cys Asn Pro
995

Val Ala Ile
1010

Asp Gln Arg
1025

Asn Met Ala

Glu Thr Glu

660

Gly

Gly

Gly

Pro

Gly

740

Gly

Gln

Leu

Gln

Gln

820

Pro

Leu

Leu

Tyr

Ala

900

Pro

Asn

Pro

Gly

Gly

980

Leu

Leu

Gly

Val

Leu

Gly

Ser

Cys

725

Glu

Gly

Val

Ala

Pro

805

Ser

Arg

Lys

Trp

Gln

885

Lys

Asn

Phe

Arg

Gly

965

Gly

Asp

Asp

Ser

Gly

1045

Asn Pro Tyr
680

Pro Glu Gly
695

Leu Pro Leu
710

Pro Gln Gln

Phe Pro Ser

Thr Tyr Ser

760

Lys Pro Glu
775

Pro Cys Leu
790

Leu Phe Ser

Gly Pro Tyr

Pro Cys Leu

840

Ala Gln Leu
855

Glu Gly Gly
870

Ser Pro Lys

Ala Pro Val

His Lys Ser
920

Val Val Gly
935

Leu Leu Pro
950
Thr Asn Pro

Pro Ala Leu

Ser Leu Asp

1000

Glu Pro Gln
1015

Ser Gly His
1030

Asn Met Ser

Phe Leu Asn Ser Ser

1060

<210> SEQ ID NO 22

665

Met

Ala

Gly

Ala

His

745

Gln

Gln

Asn

His

Thr

825

Asp

Val

Gly

Phe

Asn

905

Gly

Ala

Pro

Ser

Tyr

985

Leu

Gly

Thr

Val

Ala

1065

Asp

Ala

Pro

Ser

730

Ser

Cys

Gly

Ala

Tyr

810

Gln

Phe

Cys

Arg

Leu

890

Thr

Ser

Asn

Leu

Cys

970

Pro

Asp

Leu

Pro

Leu

1050

670

Phe Pro Pro Thr
685

Ala Glu Pro Tyr
700

Gly Pro Pro Thr
715

Tyr Pro Asp Pro
Gly Leu Tyr Pro
750

Pro Arg Leu Glu
765

Cys Pro Val Gly
780

His Pro Ser Glu
795

Pro Gln Pro Ser
Pro Pro Pro Asp
830

Asp Ser Pro Thr
845

Asn Tyr Val Gln
860

Glu Asp Ala Pro
875

Gly Gly Ser Gln
Tyr Gly Pro Gly
910

Tyr Pro Thr Pro
925

Arg Ala Ser His
940

Pro Thr Cys Tyr
955

Gly His Pro Glu
Pro Pro Glu Gly
990

Asn Thr Gln Leu
1005

Ser Pro Pro Pro
1020

Pro Pro Ser Gly
1035

Leu Arg Ser Leu

Asp Thr

Gly Ala

Asn Tyr
720

Thr Gln
735

Gly Pro

His Tyr

Ser Asp

Gly Pro
800

Pro Pro
815

Tyr Leu

His Ser

Ser Gln

Ala Gln
880

Val Ser
895

Phe Gly

Ser Pro

Arg Ala

Gly Pro
960

Val Gly
975

Gln Val

Asp Phe

Ser His

Pro Pro
1040

Pro Gly
1055
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<211> LENGTH: 24

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Oligonucleotide

<220> FEATURE:

<221> NAME/KEY: modified_base

<222> LOCATION: 1

<223> OTHER INFORMATION: n=Biotin conjugated cytosine

<400> SEQUENCE: 22

ntcaacgtgg ggggccgact ctcg 24

<210> SEQ ID NO 23

<211> LENGTH: 24

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Oligonucleotide

<220> FEATURE:

<221> NAME/KEY: modified_base

<222> LOCATION: 1

<223> OTHER INFORMATION: n=Biotin conjugated cytosine

<400> SEQUENCE: 23

ngagagtcgg ccccccacgt tgag 24

<210> SEQ ID NO 24

<211> LENGTH: 24

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Oligonucleotide

<400> SEQUENCE: 24

ctcaacgtgg ggggccgact ctcg 24

<210> SEQ ID NO 25

<211> LENGTH: 24

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Oligonucleotide

<400> SEQUENCE: 25

cgagagtcgg ccccccacgt tgag 24

<210> SEQ ID NO 26

<211> LENGTH: 24

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Oligonucleotide

<400> SEQUENCE: 26

ctcaacggac cacccagact atcg 24

<210> SEQ ID NO 27

<211> LENGTH: 24

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Oligonucleotide

<400> SEQUENCE: 27

cgatagtctg ggtggtcegt tgag 24
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<210> SEQ ID NO 28

<211> LENGTH: 33

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Oligonucleotide

<220> FEATURE:

<221> NAME/KEY: modified_base

<222> LOCATION: 1

<223> OTHER INFORMATION: n=Biotin conjugated cytosine

<400> SEQUENCE: 28

nccctecatet tggggggcece acgagaccct ctg

<210> SEQ ID NO 29

<211> LENGTH: 33

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Oligonucleotide

<220> FEATURE:

<221> NAME/KEY: modified_base

<222> LOCATION: 1

<223> OTHER INFORMATION: n=Biotin conjugated cytosine

<400> SEQUENCE: 29

nagggagtct cgtgggccce ccaagatgag ggg

<210> SEQ ID NO 30

<211> LENGTH: 35

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Oligonucleotide

<400> SEQUENCE: 30

aaaaaaaaaa gcttatgtte aactcgatga cccca

<210> SEQ ID NO 31

<211> LENGTH: 69

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Oligonucleotide

<400> SEQUENCE: 31
aaaaaaaaaa agcttctaca gatcttette agaaataagt ttttgttegg cactagagtt

gaggaattc

<210> SEQ ID NO 32

<211> LENGTH: 10

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: myc tag

<400> SEQUENCE: 32

Glu Gln Lys Leu Ile Ser Glu Glu Asp Leu
1 5 10

<210> SEQ ID NO 33

<211> LENGTH: 15

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Oligonucleotide

<400> SEQUENCE: 33

33

33

35

60

69
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ttgctgagte atgga

<210> SEQ ID NO 34

<211> LENGTH: 16

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Oligonucleotide

<400> SEQUENCE: 34

aaactgacat caaaca

<210> SEQ ID NO 35

<211> LENGTH: 17

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Oligonucleotide

<400> SEQUENCE: 35

aaattgggtyg gtcagag

<210> SEQ ID NO 36

<211> LENGTH: 16

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Oligonucleotide

<400> SEQUENCE: 36

caactgaggt aaagag

<210> SEQ ID NO 37

<211> LENGTH: 17

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Oligonucleotide

<400> SEQUENCE: 37

gtatgaacac ccatata

<210> SEQ ID NO 38

<211> LENGTH: 16

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Oligonucleotide

<400> SEQUENCE: 38

ttactgacat cattca

<210> SEQ ID NO 39

<211> LENGTH: 16

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Oligonucleotide

<400> SEQUENCE: 39
tttatgaggt aatgtg
<210> SEQ ID NO 40

<211> LENGTH: 15
<212> TYPE: DNA

15

16

17

16

17

16

16
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<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Oligonucleotide

<400> SEQUENCE:
aatttgagtc aaata
<210> SEQ ID NO

<211> LENGTH: 16
<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Oligonucleotide

<400> SEQUENCE:
tagctgaggt aattce
<210> SEQ ID NO

<211> LENGTH: 17
<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Oligonucleotide

<400> SEQUENCE:

cecttgggtyg gtega

<210> SEQ ID NO
<211> LENGTH: 17
<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Oligonucleotide

<400> SEQUENCE:

atgcttggtyg gtett
<210> SEQ ID NO

<211> LENGTH: 15
<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Oligonucleotide

<400> SEQUENCE:

taaatgactc aaagc
<210> SEQ ID NO

<211> LENGTH: 17
<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Oligonucleotide

<400> SEQUENCE:

ttcectggetyg ctegg

<210> SEQ ID NO

<211> LENGTH: 15
<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Oligonucleotide

<400> SEQUENCE:

taagtgagtc aaacc

40

41

41

t

42

42

tg

43

43

tt

44

44

45

45

99

46

46

15

16

17

17

15

17

15
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-continued

<210>
<211>
<212>
<213>
<220>
<223>

SEQ ID NO 47

LENGTH: 17

TYPE: DNA

ORGANISM: Artificial Sequence
FEATURE:

OTHER INFORMATION: Oligonucleotide
<400>

SEQUENCE: 47

gcaagtccte ccaagge

<210>
<211>
<212>
<213>
<220>
<223>

SEQ ID NO 48

LENGTH: 17

TYPE: DNA

ORGANISM: Artificial Sequence
FEATURE:

OTHER INFORMATION: Oligonucleotide

<400> SEQUENCE: 48

ggggtgggtg gtggttet

<210>
<211>
<212>
<213>
<220>
<223>

SEQ ID NO 49

LENGTH: 15

TYPE: DNA

ORGANISM: Artificial Sequence
FEATURE:

OTHER INFORMATION: Oligonucleotide
<400>

SEQUENCE: 49

tagttgagtc attta

<210>
<211>
<212>
<213>
<220>
<223>

SEQ ID NO 50

LENGTH: 15

TYPE: DNA

ORGANISM: Artificial Sequence
FEATURE:

OTHER INFORMATION: Oligonucleotide
<400>

SEQUENCE: 50

gatttgactc agaaa

17

17

15

15

What is claimed is:

1. A method of increasing the level of a platinum-based
chemotherapeutic compound in a cell comprising reducing
the level of a nucleic acid encoding GLI1 or reducing the
level of GLI1 protein in the cell,

wherein the level of a nucleic acid encoding GLI1 or the
level of GLI1 protein is reduced by contacting the cell
with an isolated nucleic acid selected from a small
hairpin RNA (shRNA), a small interfering RNA
(siRNA), a micro RNA (miRNA), an antisense poly-
nucleotide, and a ribozyme,

wherein the level of the platinum-based chemotherapeutic
compound in the cell in which the level of a nucleic
acid encoding GLI1 has been reduced or in which the
level of GLI1 protein has been reduced is increased
compared to the level of the platinum-based chemo-
therapeutic compound in a cell in which the level of a
nucleic acid encoding GLI1 has not been reduced or in
which the level of GLI1 protein has not been reduced.

2. The method of claim 1, wherein the isolated nucleic
acid comprises a sequence encoding antisense GLI1 or a
fragment thereof, or an antisense nucleic acid complemen-
tary to a sequence encoding GLI1 or a fragment thereof.

45

50

55

60

65

3. The method of claim 1, wherein the isolated nucleic
acid comprises a sequence selected from SEQ ID NOS:01-
10.

4. The method of claim 1, wherein the nucleic acid
encoding GLI1 comprises a nucleic acid encoding GLI1-
130, or the GLI1 protein comprises GL.I1-130 isoform.

5. The method of claim 1, wherein the level of the
platinum-based chemotherapeutic compound in the cell in
which the level of a nucleic acid encoding GLI1 has been
reduced or in which the level of GLI1 protein has been
reduced compared to the level of the platinum-based che-
motherapeutic compound in a cell in which the level of a
nucleic acid encoding GLI1 has not been reduced or in
which the level of GLI1 protein has not been reduced is
increased by at least about 40%.

6. The method of claim 1, wherein the efflux of the
platinum-based chemotherapeutic compound from the cell is
inhibited.

7. The method of claim 1, wherein the platinum-based
chemotherapeutic compound is selected from the group
consisting of cisplatin, carboplatin, nedaplatin, oxaliplatin,
satraplatin, and triplatin tetranitrate.

8. A method of increasing the level of a platinum-based
chemotherapeutic compound in a cell comprising reducing
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the level of a nucleic acid encoding GLI1 or reducing the
level of GLII1 protein in the cell, wherein the level of a
nucleic acid encoding GLI1 or the level of GLI1 protein is
reduced by contacting the cell with an isolated nucleic acid
selected from a small hairpin RNA (shRNA), a small inter-
fering RNA (siRNA), a micro RNA (miRNA), an antisense
polynucleotide, and a ribozyme, wherein the isolated nucleic
acid comprises a sequence selected from the group consist-
ing of SEQ ID NOS:01-10.

9. The method of claim 8, wherein the isolated nucleic
acid comprises SEQ 1D NO:01.

10. The method of claim 8, wherein the isolated nucleic
acid comprises SEQ 1D NO:02.

11. The method of claim 8, wherein the isolated nucleic
acid comprises SEQ 1D NO:03.

12. The method of claim 8, wherein the isolated nucleic
acid comprises SEQ 1D NO:04.

13. The method of claim 8, wherein the isolated nucleic
acid comprises SEQ 1D NO:05.

14. The method of claim 8, wherein the isolated nucleic
acid comprises SEQ 1D NO:06.

15. The method of claim 8, wherein the isolated nucleic
acid comprises SEQ 1D NO:07.

16. The method of claim 8, wherein the isolated nucleic
acid comprises SEQ 1D NO:08.

17. The method of claim 8, wherein the isolated nucleic
acid comprises SEQ 1D NO:09.

18. The method of claim 8, wherein the isolated nucleic
acid comprises SEQ ID NO:10.

#* #* #* #* #*

5

10

15

20

25

30
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